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INTRODUCTORY  LECTURE. 


When  a  lecturer,  for  the  first  time,  takes  his  seat 
in  the  chair  of  a  public  institution,  he  is  generally 
expected  to  deliver  an  inaugural  address ;  illus- 
trative of  the  task  in  which  he  has  engaged,  and 
explanatory  of  the  course  which  he  is  about  to 
pursue.    A  little  while  ago,  when  by  the  go- 
vernors  of  this  school  I  was  appointed  to  the  office 
in  connection  with  it,  which  I  am  now  assuming, 
I  foresaw  that  I  should  very  soon  be  subject  to 
claims  of  this  nature.    On  beginning  to  consider 
what,  in  fulfilment  of  these  customary  and  just 
expectations,  I  should  say  to  my  audience  this 
day,  I  very  naturally  as  a  first  step  found  it  ne- 
cessary for  myself  to  know  what  were  the  duties 
of  my  situation,  before  I  could  give  an  account 
of  them  to  others.    I  betook  myself  therefore  to 
investigate  them:   and  in  order  that  I  might 
proceed  with  that  caution  which  was  requisite 
to  prevent  me  from  projecting  a  course  of  lectures 
not  wanted,  and  which  would  at  the  same  time 
insure  my  adopting  such  a  course  as  would  pre- 
cisely fall  in  with  the  wishes  of  the  profession ; 
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I  began  to  look  out  for  rules  and  recommendations, 
issued  by  authority  and  bearing  upon  the  point 
in  question;  as  forming  the  best  nucleus  from 
which  I  could  spin  out  the  character  of  the  lec- 
tures required.  I  believe  I  shall  in  the  most 
effectual  way  be  describing  to  you  the  nature  of 
the  studies  over  which  I  am  about  to  have  the 
care  and  honour  of  presiding,  if  I  follow  the  same 
analytical  process  which  I  pursued  to  ascertain 
the  obligations  by  which  I  had  bound  myself,  in 
undertaking  the  duties  of  this  lectureship. 

In  Aris's  Gazette  of  the  1 1th  of  April,  where  the 
summer  course  of  lectures  at  this  institution  is 
advertised,  I  find,  quoted  as  I  suppose  from  au- 
thentic documents,words  to  the  following  effect: — 

"  The  Royal  College  of  Surgeons,  Edinburgh, 
strongly  urge  their  own  fellows  as  well  as  all 
other  practitioners,  not  to  take  any  young  man  as 
an  apprentice,  until  he  shall  have  gone  through 
a  preliminary  course  of  Mathematics. 

"  Ever}'-  candidate  for  the  Diploma  of  the  Royal 
College  of  Surgeons,  Edinburgh,  either  previous 
to  or  during  his  medical  education,  must  have 
received  regular  instruction  in  the  elements  of 
Mathematics. 

"  The  Court  of  Examiners  of  the  Society  of 
Apothecaries,  renew  their  recommendation  to 
parents  and  guardians,  that  the  youth  about  to 
be  apprenticed  should  have  previously  been  in- 
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structed  in  the  Elements  of  Mathematics  and 
Natural  Philosophy." 

Now  from  th  e  words  "  previous,"  "  preliminary," 
"  Mathematics,"  "  Natural  Philosophy,"  which 
occur  in  these  passages,  considered  in  reference 
to  the  sources  whence  they  emanate,  viz.  a 
Society  of  Apothecaries  and  a  College  of  Sur- 
geons, I  think  I  may  fairly  affirm  the  burden  of 
these  sentences  to  be  exactly  this,  that  "a  course 
of  Mathematical  Natural  Philosophy  is  a  de- 
sirable foundation  for  the  study  of  Medicine 
and  Surgery." 

Here  then  I  may  stop,  and  without  any  further 
inquiry  take  for  granted,  that  I  have  obtained 
sufficient  data  to  guide  me  in  projecting  a  course 
of  lectures  that  will  meet  the  desires  of  our  pa- 
trons and  governors ;  and  supply,  so  far  as  this 
institution  is  concerned,  the  desideratum,  acknow- 
ledged by  the  profession  in  the  words  which  I 
have  just  quoted.  These  wrords  however  which, 
diverging  from  the  two  foci  of  medical  science  in 
the  north  and  the  south,  come  sweeping  over  our 
land,  are  but  the  reiterations  of  a  mighty  voice 
that  was  heard  in  times  gone  by  :  and  therefore 
in  developing  the  nature  of  our  philosophy,  I  shall 
commence  with  the  original  authority. 

Lord  Bacon  says, 

"  Medicina  autem  in  philosophia  non  fun- 
data  res  infirma  est." 
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And  again, 

"  Desideratur  nimirum  philosophia  naturai.is 
vera  et  activa  cui  medicine  scientia  insedi- 
ficetur." 

It  appears  then  from  these  two  passages  that 
in  order  to  be  efficient,  that  is,  not  "infirm,"  the 
science  of  medicine  onght  to  be  "founded"  in 
"  true  natural  philosophy :" — but  what  does  our 
author  say  in  another  place  with  respect  to  that  ? 

"  Multse  siquidem  naturae  partes,  nec  satis  sub- 
tiliter  comprehendi,  nec  satis  perspicue  demon- 
strari,  nec  satis  dextere  et  certo  ad  usum  ac- 
commodari  possint,  sine  ope  et  interventu  ma- 
thematics." 

Now  I  do  not  think  that  we  could  have  a  more 
correct  and  striking  image  of  these  three  pas- 
sages, even  if  we  were  to  place  them  before  the 
most  polished  plane-mirror,  than  we  have  in  the 
above  reflections  from  the  Royal  College  of  Sur- 
geons, Edinburgh,  and  the  Society  of  Apothe- 
caries. In  identifying  therefore  the  mathema- 
tical natural  philosophy  of  the  Surgeons  and  Apo- 
thecaries with  that  alluded  to  by  Lord  Bacon,  I 
conceive  that  I  shall  be  best  explaining  the  for- 
mer, by  investigating  the  character  of  the  latter 
from  legitimate  sources  of  information. 

The  mathematical  natural  philosophy  of  Lord 
Bacon  will  be  best  understood  from  the  works 
of  those  who  are  known  to  have  followed  the 
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path  which  he  pointed  out.  That  profound  ma- 
thematician, Roger  Cotes,  of  whom  Newton  is 
reported  to  have  said,  "  if  Cotes  had  lived  we 
should  have  known  something,"  in  his  preface 
to  the  "  Principia,"  gives  an  account  of  the  dif- 
ferent classes  of  natural  philosophers.  "  Qui 
physicam  tractandam  susceperunt,"  says  he,  "  ad 
tres  fere  classes  revocari  possunt."  He  mentions, 
as  those  of  one  class,  the  sticklers  for  occult  qua- 
lities and  the  school  doctrines  of  Aristotle  and  the 
Peripatetics,  But  as  there  is  now  little  danger  of 
our  natural  philosophy  being  leavened  by  theirs, 
I  will  dismiss  all  further  notice  of  them  in  Cotes's 
own  words.  "  Cumque  toti  sint  in  rerum  no- 
minibus,  non  in  ipsis  rebus;  sermonem  quendam 
philosophicum  censendi  sunt  adinvenisse,  philo- 
sophiam  tradidisse  non  sunt  censendi." 

Speaking  of  a  second  class,  he  says,  "  Qui  spe- 
culationum  suarum  fundamentum  desumunt  ab 
hypothesibus ;  etiamsi  dejnde  secundum  leges 
mechanicas  accuratissime  procedant;  fabulam 
quidem  elegantem  forte  et  venustam,  fabulam 
tamen  concinnare  dicendi  sunt."  The  "Philoso- 
phia  Naturalis  vera  et  activa"  then  of  Lord  Bacon, 
if  we  interpret  it  according  to  the  opinion  of  his 
follower  Cotes,  must  not  have  its  foundation  laid 
on  hypothesis:  for  if  it  has,  although  the  su- 
perstructure be  afterwards  reared  according  to 
strictly  mechanical  principles,  the  result  will  be 
what  he    rather  gaily  calls  "  fabulam," — "  a 
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fantasy;"  "pcradventurc  a  fantasy  both  elegant 
and  captivating,  but  still  a  fantasy  only  at  the 
best." 

He  next  proceeds  to  describe  the  third  class, 
that  of  true  natural  philosophers.  "  Relinquitur 
adeo  tertium  genus,  qui  philosophiam  scilicet  ex- 
perimentalem  profitentur.  Hi  quidem  ex  sim- 
plicissimis  quibus  possunt  principiis  rerum  om- 
nium causas  derivandas  esse  volunt:  nihil  autem 
principii  loco  assumunt,  quod  nondum  ex  phceno- 
menis  comprobatum  fuerit.  Hypotheses  non 
comminiscuntur,  neque  in  physicam  recipiunt, 
nisi  ut  quaestiones  de  quarum  veritate  disputetur. 
Duplici  itaque  methodo  incedunt,  analytica  et 
synthetica.  Naturae  vires  legesque  virium  sim- 
pliciores  ex  selectis  quibusdam  phcenomenis  per 
analysin  deducunt,  ex  quibus  deinde  per  synthesin 
reliquorum  constitutionem  tradunt." 

From  this  account  given  by  Cotes,  we  may 
gather  the  following  propositions  : — 

1.  — True  natural  philosophy  is  in  some  degree 
experimental ;  inasmuch  as  it  assumes  nothing  as 
a  principle  which  is  not  in  unison  with  observed 
phcenomena. 

2.  — It  either  excludes  hypotheses  altogether, 
or  only  admits  them  as  questions  of  probability. 

3.  — It  endeavours  to  derive  the  causes  of  all 
things  from  the  simplest  possible  principles. 

4.  __The  methods  of  conducting  its  researches 
are  two — the  analytical  and  the  synthetical. 
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1. — In  illustrating  the  first  of  these  proposi- 
tions, that  true  natural  philosophy  is  in  a  certain 
degree  experimental,  I  cannot  perhaps  do  better 
than  give  a  slight  sketch  of  its  proceedings,  in 
some  of  its  particular  branches. 

In  the  science  of  Optics  then,  we  know  by  ex- 
periment,— 

1.  — That  in  media  of  uniform  density  rays  of 
light  are  straight  lines. 

2.  — That  when  a  ray  of  light  is  reflected  at 
any  surface,  the  angles  of  incidence  and  reflec- 
tion are  in  the  same  plane  and  equal  to  one 
another. 

3.  — When  a  ray  of  light  passes  out  of  one  me- 
dium into  another  of  a  different  density,  it  is  re- 
fracted in  the  plane  of  incidence  ;  and  as  the 
angle  of  incidence  varies,  between  certain  limits, 
the  angle  of  refraction  also  varies,  and  in  such 
a  manner  that  its  sine  is  in  a  constant  ratio  to 
the  sine  of  the  angle  of  incidence. 

Now  these  three  apparently  trifling  experi- 
ments are  sufficient  of  themselves,  to  serve  as  a 
foundation  on  which  we  may  by  the  skill  of  the 
mathematician, u ope  et  interventu  mathematics," 
as  Lord  Bacon  says,  build  up  a  very  considerable 
portion  of  the  science  of  optics.  By  combining 
these  physical  laws  with  the  purely  geometrical 
qualities  of  shape  and  dimension,  and  that  quan- 
tity which  varies  merely  on  account  of  our  using 
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one  refracting  substance  rather  than  another,  we 
can  deduce  an  unlimited  number  of  other  truths, 
which  we  may  be  capable  or  not  of  proving  by 
experiment,  according  to  the  state  of  mechanical 
art.  By  the  knowledge  derived  from  these  ex^ 
periments  alone,  we  may  explain  and  construct 
many  very  useful  optical  instruments.  We  be^ 
come  qualified  to  appreciate  the  wonderful  con- 
trivance of  the  eye.  We  understand  the  causes 
of  long  and  short  sight,  and  can  by  calculation 
find  the  exact  degree  of  remedy  for  these  imper- 
fections. And  if  to  these  three  experiments  we 
add  a  fourth,  to  show  that  rays  of  white  light  are 
compounded  of  different  colours,  that  the  com- 
ponents are  of  different  degrees  of  refrangibility, 
and  that  the  dispersive  power  of  media  is  inde- 
pendent of  their  mean  refracting  power;  the  field 
of  our  research  becomes  very  much  enlarged  : — 
and  we  can  now,  by  marshalling  these  powers 
and  properties  in  array  against  each  other,  neu- 
tralize the  confusion  which  they  separately  pro- 
duce in  our  optical  instruments ;  and  we  can 
also  explain  certain  phoenomena  of  nature  which 
were  before  not  understood. 

Again,  in  the  science  of  Electricity  we  can 
prove  by  experiment,  that  when  a  sphere  is  elec- 
trised by  communication,  the  whole  quantity  of 
developed  electricity  resides  on  the  surface;  and 
this  fact,  submitted  to  the  examination  of  nia- 
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thematical*  analysis,  discloses  the  law  according 
to  which  the  electrical  particles  attract  or  repel 
at  different  distances.  The  result  derived  from 
such  a  process  of  correct  reasoning,  founded  upon 
this  experiment,  is  that  the  force  of  attraction  or 
repulsion  of  an  electrical  particle  varies  inversely 
as  the  square  of  its  distance  from  the  point  where 
the  force  is  estimated.  This  law,  deduced  by 
geometrical  considerations  from  one  experiment, 
is  capable  of  direct  proof  by  another,  viz.  by  the 
use  of  Coulomb's  Torsion  Balance.  By  consi- 
dering this  fundamental  law  in  connection  with 
the  infinitely  variable  combinations  of  material, 
form,  and  dimension,  we  may,  as  in  optics,  "  ope 
et  interventu  mathematics,"  establish  a  series  of 
other  truths ;  which,  when  arranged  with  their 
demonstrations  in  logical  order,  constitute  to  a 
certain  extent  the  science  of  Electricity. 

But  for  the  most  perfect  example  of  Cotes's 
"tertium  genus,  qui  philosophiam  experimen- 
talem  profitentur,"  we  must  go  to  the  astrono- 
mers. The  plane  astronomer,  by  means  of  in- 
struments most  delicately  and  accurately  con- 
structed, makes  observations  to  a  surprising  de- 
gree of  minuteness.  He  detects  almost  insensible 
irregularities  in  the  motions  of  the  heavenly  bo- 
dies.    The  physical  astronomer,  starting  from 


*  See  Mathematical  Analysis  at  the  end. 
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the  first  principles  of  universal  gravitation,  in- 
vestigates mathematically  the  same  disturbances. 
By  the  coincidence  or  disagreement  of  the  two 
results,  the  former  tests  the  perfection  of  his  in- 
struments and  the  expediency  of  his  methods ; 
while  the  latter  confirms  or  suspects  the  accuracy 
of  the  values  attributed  in  his  calculations  to  the 
great  constants  of  the  solar  system. 

Thus  true  natural  philosophy  is  allied  with 
experiment:* — founding  its  theories  entirely  upon 
experiment ;  for  as  Newton  says,  "  in  hac  philo- 
sophic prepositionesdeducuntur  ex  phcenomenis;" 
making  experiments  at  other  points  of  its  pro- 
gress, as  starting  places  for  researches  in  different 
directions;  and  lastly,  using  experiment  all  along 
as  a  plumb-line  and  a  square,  by  which  it  may 
verify  the  stability  of  its  work.  For  although 
the  species  of  reasoning  by  which  its  operations 
are  carried  on  is  infallible  itself;  yet  it  is  em- 
ployed by  fallible  agents,  who,  in  any  investiga- 
tion which  requires  the  geometrical  modes  of 
matter  to  be  alloyed  with  its  numerous  physical 
qualities,  cannot  be  so  easily  sure  that  they  have 
taken  into  the  account  every  one  of  the  latter 
which  is  of  importance. 


*  "  amofiawu  V  imrri^n  km    texw  3i«  T«$  i^eifi'aj  rots 

Aristot,  Motapnys. 
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2. — The  curse  of  natural  philosophy,  as  well  as 
of  other  kinds  of  philosophy,  is  the  tendency  of 
the  human  mind  to  follow  its  own  devices.  In- 
stead of  looking  at  things  as  they  are,  and  then 
hy  strict  reasoning  deducing  what  other  things 
must  be,  men  have  in  all  ages  been  prone  to  form 
hypotheses  of  the  most  unwarrantable  description ; 
and  from  a  desire,  generally  unknown  to  the  in- 
dividuals themselves,  of  compelling  the  order  of 
nature  to  fall  in  with  the  course  of  their  schemes, 
have  so  distorted  their  mental  vision  as  to  see 
facts  and  circumstances  under  such  an  appearance 
only,  as  is  consistent  with  their  own  particular 
theories.  Thus  reasoning  "  a  priori,"  from  false 
premises,  they  have  naturally  enough  arrived  at 
wrong  conclusions.  Truth  has  been  continually 
pestered  and  persecuted,  and  in  some  instances 
well-nigh  overcome,  by  a  succession  of  such  philo- 
sophers. There  has  however  luckily,  under  the 
darkest  obscurations  of  the  philosophical  world, 
always  been  some  solitary  hand  to  hold  up  the 
torch  of  true  science:  and  the  feeble  glimmering 
light,  thus  shed  upon  posterity,  has  not  been 
without  its  use.  But  although  we  may,  at  many 
periods  of  high  antiquity,  trace  in  the  expressions 
of  men,  who  were  wise  in  their  generation,  the 
germs  of  a  true  natural  philosophy ;  still  it  was 
not  until  the  time  of  Lord  Bacon  that  the  proper 
source,  viz.  experiment,  for  philosophising  was 
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fully  developed  : — nor  was  it  effectually  adopted 
to  the  exclusion  of  hypothesis,  before  the  ap- 
pearance of  our  immortal  Newton.*  In  the 
General  Scholium,  at  the  end  of  his  "  Principia," 
which  is  a  system  of  the  true  mathematical  na- 
tural philosophy  of  which  I  have  been  all  along- 
speaking,  we  find  the  following  words  with  re- 
spect to  the  admission  of  hypothesis  into  such  a 

system  ;   "  hypotheses  non  fingo.  Quic- 

quid  enim  ex  phcenomenis  non  deducitur,  hypo- 
ikesis  vocanda  est;  et  hypotheses  seu  meta- 


*   "Stimando  clie  i  principj  di  questa  scienza  abbiano 

assai  piii  saldi  fondainenti  nell'  espevienza,  die  in  qualunque 
discorso,  comeccbe  ingegnoso,  de'  filosofi.  Un  tal  inodo  di 
filosofare  e  anco  piu  conforme  al  genio  del  secolo  in  cui  scri- 
viamo,  nel  quale  gia  pare  cbe  comincino  a  andare  in  disuso 
quelle  sottili  conghietture  intorno  alia  figura  e  ella  costituzione 
delle  particelle  de'  corpi  naturali,  o  sia  per  diffidenza  di  spiegare 
gli  effetti  della  natura  co'  soli  principj  meccanici  (come  dopo 
Cartesio  si  era  cominciata  a  lusingare  la  maggior  parte  de'  fisici) 
o  sia  per  disperazione  di  colpir  nel  segno  nell'  adattarli  a  feno- 
meni  particolari.  Quindi,  come  saggiamente  avvisa  il 
Cavalier  Neuton,  piu  sano  consiglio  e  il  ridurre  lo  studio 
della  filosofia  naturale  al  cercare  colle  osservazioni  le 
leggi  della  natura,  e  poscia  secondo  queste  leggi  predire  ne'casi 
particolari  qualidebbano  essere  i  fenomeni,  giacche  tan  to  per 
l'appunto  pu6  bastare  per  gli  usi  della  umana  societa  (al  cui  pro- 
fitto  debbono  essere  indirizzati  gli  studj  degli  uomini)  lasciaudo 
rinvestigazione  delle  prime  cagioni  a  chi  stima  di  non  impie- 
gare  inutilmente  il  suo  tempo  nel  rintracciarle. " 

Eustacbio  Manfredi.—  Annot.  to  Gugliclmini. 
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pliysicse,  seu  physicae,  seu  qualitatum  occultarum, 
seu  mechanics,  in  philosophia  experimenlali 
(as  much  as  to  say  by  the  italics,  and  such  is  my 
philosophy )  locum  non  habent."  It  is  evident 
from  these  words  of  Sir  I.  Newton,  and  also  from 
many  other  parts  of  his  writings,  that  he  was 
desirous  of  keeping  his  philosophy  entirely  inde- 
pendent of  hypothesis.  And  although  he  at  times 
uses  a  phraseology  which  would  induce  the  un- 
initiated to  suppose  that  some  of  his  propositions 
involve  hypotheses,  yet  in  his  scholia  he  fre- 
quently reminds  us  that  such  is  not  the  case. 
Thus  in  the  Scholium  to  his  eleventh  section,  so 
cautious  is  he  of  being  misunderstood,  as  to  warn 
his  readers  from  concluding,  that  by  the  word 
attraction  he  means  to  imply  necessarily  any 
physical  quality  of  matter ;  but  as  he  himself 
says,  "  vocem  attractionis  hie  generaliter  usurpo 
pro  corporum  conatu  quocunque  accedencli  ad 
invicem :  sive  conatus  iste  flat  ab  actione  cor- 
porum vel  se  mutuo  petentium,  vel  per  spiritus 
emissos  se  invicem  agitantium  ;  sive  is  ab  actione 
aetheris,  aut  aeris,  medii  cujuscunque,  seu  cor- 
porei  seu  incorporei  oriatur  corpora  innatantiu  in 
se  invicem  utcu^que  impellentis."  And  again 
in  that  beautiful  piece  of  geometry,  the  14th  sec- 
tion, which  treats  of  the  motion  of  corpuscules 
attracted  by  large  bodies,  having  deduced  three 
theorems  similar  to  what  may  be  proved  expe- 
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rimentally  to  obtain  in  the  phcenomena  of  light, 
lie  adds  some  other  propositions ;  but  in  order 
that  he  may  not  be  thought  to  have  built  any 
thing  upon  hypothesis,  he  gives  a  scholium  show- 
ing that  he  has  not  laid  a  single  stone,  which  dees 
not  repose  upon  his  usual  favourite  foundation — 
the  foundation  of  fact.    Many,  and  perhaps  not 
very  hastily  judging  people,  would  think  that 
the  propositions  of  that  section  were  sufficient  of 
themselves  to  establish  the  emanatory  theory  of 
light ;  yet  Newton,  who  was  the  most  wary  of  all 
men,  deems  it  requisite  to  disclaim  any  connec- 
tion between  what  he  has  there  written  and  the 
necessity  of  such  an  hypothesis :  and  if  the  un- 
dulatory  theory  be  now  established,  as  some 
great  philosophers  of  the  present  day  more  than 
hint  that  it  is ;  what  Newton  has  proved  from 
his  data  will  still  be  true,  and  his  propositions 
will  still  retain  their  authority  in  the  science  of 
optics.    Alluding  to  the  influence  exercised  by 
bodies  of  sensible  magnitude  on  corpuscules  in 
motion  near  their  surfaces,  he  says, — "  Harum 
attractionum  haud  multum  dissimiles  sunt  lucis 
reflexiones  et  refractiones,  facta?  secundum  datam 
secantium  rationem,  ut  invenit  Snellius,  et  per 
consequens  secundum  datam  sinuum  rationem, 
ut  exposuit  Cartesius."*    And  after  giving  an 


*   Sec  Note  (a)  at  the  end. 
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experiment,  to  show  that  the  motion  of  light 
under  the  same  circumstances  is  exactly  similar 
to  the  motion  of  these  corpuscules,  he  adds, — 
"  Igitur  ab  analogiam  quae  est  inter  propaga- 
tionem  radiorum  lucis  et  progressum  corporum, 
visum  est  propositiones  sequentes  in  usus  opticos 
subjungere ;  interea  de  natura  radiorum  (utrum 
sint  corpora  necne)  nihil  omnino  disputans,  sed 
trajectorias  corporum  trajectoriis  radiorum  persi- 
miles  solummodo  determinans."  Thus  was  New- 
ton, in  his  immortal  work  on  the  mathematical 
principles  of  natural  philosophy,  careful  to  avoid 
hypothesis. 

.  But  although  hypothesis  be  forbid  to  enter  the 
sanctuary  of  the  temple  of  science,  she  is  some- 
times seen  rendering  a  graceful  and  acceptable 
homage  in  the  outer  courts.  "  Hypotheses  non 
in  physicam  recipiunt,  nisi  ut  quaestiones  de  qua- 
rum  veritate  disputetur."  Admitted  and  enter- 
tained only  as  questions  of  probability,  and  always 
regarded  with  a  proper  degree  of  jealousy,  hypo- 
theses are  however  sometimes  useful.  As  they 
ought  never  to  be  handled  but  by  the  most  skil- 
ful and  experienced  philosophers,  and  by  them 
only  with  the  most  extreme  caution,  it  will  not 
be  necessary  for  me  here  to  detail  their  use. 
They  only  belong  to  the  speculations  of  philoso- 
phy, and  my  young  hearers  will  have  field  enough 
for  their  exertions,  without  stepping  over  the 
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limits  of  demonstrative  truth.  If  tliey  should  c\  ei 
feel  a  temptation  to  theorize  on  hypothesis,  let 
them  call  to  mind  these  words  of  Sir  Robert 
Boyle  ; — "  One  of  the  conditions  of  a  good  hypo- 
thesis is,  that  it  fairly  comport  not  only  with  all 
other  truths,  but  with  all  other  phoenomena  of 
nature,  as  well  as  those  it  is  formed  to  explicate. 
For  this  being  granted  (which  cannot  be  denied)  he 
that  establishes  a  theory,  which  he  expects  shall  be 
acquiesced  in  by  all  succeeding  times,  and  make 
him  famous  in  them,  must  not  onlv  have  a  care, 
that  none  of  the  phoenomena  of  nature,  that  are  al- 
ready taken  notice  of,  do  contradict  his  hypothesis 
at  the  present,  but  that  no  phoenomena  that  may 
hereafter  be  discovered,  shall  do  it  for  the  future." 
Voltaire  also  seemed  to  be  fully  aware  of  this, 
when,  speaking  of  those  hypothetical  fanta- 
sies, which  usually  go  by  the  name  of  theo- 
ries, he  facetiously  said,  "  Une  theorie  est  une 
souris :  elle  etait  passee  par  neuf  trous,  un  dix- 
ieme  l'arrete."  Now  when  we  consider  the 
length  of  time  which  our  theory,  in  order  to  be 
true,  must  stand  the  test  of  scrutiny,  viz.  for  the 
whole  of  time  to  come ;  when  we  moreover  re- 
flect how  very  imperfect  as  yet  is  the  history  of 
nature  ;  and  when  we  also  remark  that  the  phoe- 
nomena hereafter  to  be  discovered,  may  in  num- 
ber somewhat  approach  to  the  idea  we  are  able 
to  form  of  infinity  ;  I  think  we  shall  see  so  much 
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difficulty  in  fulfilling  the  above  "  conditions  of  a 
good  hypothesis,"  although  they  are  riot  men- 
tioned as  the  only  conditions,  that  we  shall  be- 
ware, with  Sir  Isaac  Newton,  and  with  all  sound 
philosophers,  how  we  introduce  into  our  philoso- 
phy anything  conjectural,  as  forming  part  of  our 
system.  We  shall  act  much  more  wisely  by  ad- 
hering to  the  rule  of  Des  Cartes,  which,  powerful 
as  it  is  when  observed  in  preserving  us  from  folly, 
was  not  impressed  upon  the  mind  even  of  its  own 
author,  sufficiently  to  prevent  him  from  falling 
into  that  unfortunate  figment  of  the  vortices. 
Speaking  of  his  method  of  philosophizing,  he  says, 
— "  Primum  erat,  ut  nihil  unquam  veluti  verum 
admitterem  nisi  quod  certo  et  evidenter  verum 
esse  cognoscerem ;  hoc  est,  ut  omnem  praecipi- 
tantiam  atque  anticipationem  in  judicando  dili- 
gentissime  vitarem  ;  nihilque  amplius  conclusione 
complecterer,  quam  quod  tarn  clare  et  distincte 
rationi  mese  pateret,  ut  nullo  modo  in  dubium 
possem  revocare." 

3. — Another  characteristic  of  true  natural 
philosophy  is,  as  I  have  said  before,  that  it  de- 
rives all  its  results  from  the  simplest  possible 
principles, — from  the  fewest  in  number  and  the 
most  obvious  in  appearance.  "  Hi  quidem  ex 
simplicissimis  quibus  possunt  principiis  rerum 
omnium  causas  derivandas  esse  volunt :  niliil 

autem  principii  loco  assumunt,  quod  nondum  ex 
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phcenomenis  comprobatum  fuerit."  In  endea- 
vouring to  find  out  the  cause  of  a  phenomenon, 
such  powers  of  nature  are  first  to  be  examined  as 
are  already  known  to  exist,  and  to  be  active  in 
producing  similar  phcenomena.  Thus  for  in- 
stance, in  looking  through  a  telescope  directed 
towards  the  planet  Jupiter,  I  perceive  that  there 
are  in  his  neighbourhood  four  smaller  bodies; 
and  if  I  make  proper  observations,  I  find  that 
they  revolve  round  him  in  what  I  may  approxi- 
matively  call  invariable  periodic  times.  We 
have  a  similar  phcenomenon  in  the  moon's  revo- 
lution round  the  earth.  Now  I  know  that  this 
latter  motion  is  kept  up  by  the  attraction  of  the 
earth  exerted  on  the  moon  :  and  therefore,  in  the 
spirit  of  opening  the  door  of  my  philosophy  to  as 
few  different  elementary  causes  as  I  can,  I  pro- 
pose as  a  subject  for  further  examination,  whether 
the  motions  of  Jupiter's  satellites  depend  upon  an 
attraction  exerted  on  them  by  the  planet  Jupiter. 
Again,  the  earth  attracts  the  moon ;  the  moon 
therefore  must  draw  the  earth ;  for  we  find  it  in 
the  nature  of  things,  that  when  one  body  pulls 
another,  it  is  itself  pulled  in  return.  Thus,  in- 
dependently of  the  moon's  attraction  on  the  earth ; 
on  the  supposition  that  the  attraction  of  the 
earth  is  the  aggregate  attraction  of  its  parts ;  we 
know  that  those  portions  of  the  material  world 
around  us,  which  from  their  state  of  existence 
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are  most  susceptible  of  motion,  must,  by  their 
own  attraction  merely  on  the  moon,  be  continually 
changing  their  position  of  equilibrium  :  inasmuch 
as  the  forces  which  act  upon  them  are,  from  the 
rotation  of  the  earth  and  the  revolution  of  the 
moon,  continually  changing  their  direction. 
Here  then  we  have  a  "  real  cause,"  what  Sir  I. 
Newton  calls  a  "  vera  causa,"  what  Cotes  means 
by  a  "  principium  ex  phcenomenis  comprobatum," 
from  which  we  may  investigate  mathematically 
the  Flux  and  Reflux  of  the  Sea  and  the  Oscillations 
of  the  Atmosphere. 

In  the  same  spirit  of  simplification,  philosophers 
have  identified  the  two  formerly  distinct  sciences 
of  Electricity  and  Galvanism  ;  and  are  every  day 
drawing  closer  the  connection  between  Electricity 
and  Magnetism,  so  that  future  times  may  exhibit 
them  under  the  same  name,  and  as  it  were  ma- 
trimonially merged  into  one  flesh.  The  habit 
of  tracing  effects  to  their  remote  causes  enables 
the  philosopher  to  connect,  by  an  indissoluble  tie, 
phcenomena  apparently  the  most  independent  of 
each  other.  By  thus  linking  together  the  facts 
of  nature  into  one  grand  chain,  he  not  only  as 
the  best  means  of  philosophizing  seeks,  but  also 
as  its  sure  effect  obtains,  "the  causes  of  all  things 
from  the  simplest*  possible  principles."  He 

*  <{  ai  yap  a/xsaoi  7rpoTa<7Ei$  apxa!.'" 

Arist.  Analyt.  Post. 
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moreover  gathers  strength  hy  exertion,  and  founds 
other  discoveries  on  those  he  has  already  made  ; 
so  that  he  may  say  in  the  language  of  Des  Cartes, 
• — "  Singular  veritates  quas  inveniebam  regula? 
erant,  quibus  postea  utebar  ad  alias  difnciliores 
investigandas." 

4. — The  last  of  the  characteristics  of  true  na- 
tural philosophy  which  I  mentioned,  had  re- 
ference to  the  methods  by  which  its  researches 
are  conducted.  Now  so  far  as  the  direction  in 
which  we  reason  is  concerned,  there  can  only  be 
two ;  viz.  when  we  ascend  from  effects  towards 
their  remote  causes,  or  on  the  contrary  follow 
causes  down  to  their  effects.  The  former  of  these 
methods  is  called,  reasoning*  a  posteriori,  or 
the  method  of  analysis  ;  and  sometimes  though 
less  correctly,  from  that  peculiar  logical  process 
which  it  so  largely  involves  in  the  theory  of  uni- 
versal gravitation,  it  goes  by  the  name  of  in- 
duction. The  latter  method  is  called,  reasoning 
a  priori,  the  method  of  synthesis,  the  me- 
thod of  deduction,  and  sometimes  the  method 
of  composition.  Des  Cartes  never  made  a 
more  fatal  mistake,  than  in  exclusively  adopting 


*    (t  Wporipa  Ka)  vrepot  My^ai,  mot       «j  oVroj  tjvoj  npuTOU 

km  apxtii  h  warn  yeni,  to  kfyvTEpov  apxvi  tivoj  upio-fXEvns,  " 

ct7rhu{  km  rri  <pu<ret,  v  npog  n,  v  ttou,  v  u7ro  tivojv" 

Arist.  Met 
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the  latter  method,  viz.  of  reasoning  entirely  from 
cause  to  effect ;  and  thus  compelling  himself  to 
begin,  where  the  human  mind  is  lost  in  the  most 
profound  obscurity — at  the  Great  First  Cause  of 
all  things.  With  a  temerity,  equalled  only  by 
that  of  those  mighty  giants  of  old  who  fought 
against  heaven,  he  says,  "  Perspicuum  est  opti- 
mam  philosophandi  viam  nos  sequuturos,  si,  ex 
ipsius  dei  cognitione,  rerum  ab  eo  creatarum 
explicationem  deducere  conemur,  ut  ita  scientiam 
perfectissimam,  quae  est  effectuum  per  causas, 
acquiramus."  And  again  in  a  subsequent  pas- 
sage,— "  Cupimus  enim  rationes  effectuum  a 
causis,  non  autem  e  contrario  causarum  ab  effec- 
tibus  deducere."  Thus  Des  Cartes  professes,  as 
the  best  method  of  philosophizing,  the  a  priori 
method  ;  to  reason  entirely  from  cause  to  effect, 
to  begin  with  God  himself  as  the  Great  First  Cause 
of  all  things  ;  and  attempts  with  unaccountable 
hardihood  to  roll  away  the  "  clouds  and  darkness 
that  are  round  about  Him,"  (Ps.  xcvii.  2.)  and 
to  descend  from  a  knowledge  of  Him  to  the  ex- 
plication of  his  works.  But  "  canst  thou  by 
searching  find  out  god?  canst  thou  find 
out  the  almighty  unto  perfection  ?  it  is  as 
high  as  heaven;  what  canst  thou  do?  deeper 
than  hell;  what  canst  thou  know?  the  mea- 
sure thereof  is  longer  than  the  earth,  and 

BROADER  THAN  THE  SEA."   But  "  VAIN  MAN  WOULD 
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BE  WISE,  THOUGH  MAN  BE  BORN  LIKE  A  WILD  ASS's 

colt."   (Job  xi.  7,  8, 12.)— Of  the  connection  be- 
tween God  and  his  material  works,  considered  as 
a  philosophical  stepping-stone  by  which  we  may 
pass  from  the  nature  of  one  to  the  nature  of  the 
other,  we  have  the  following  opinion  of  Lord 
Bacon ;  referring  however  to  a  direction  of  rea- 
soning, exactly  contrary  to  the  one  above  pro- 
posed by  Des  Cartes  : — "  If  any  man  shall  think 
by  view  and  inquiry  into  these  sensible  material 
things,  to  attain  to  any  light  for  the  revealing  of 
the  nature  or  will  of  God  ;  he  shall  dangerously 
abuse  himself.    It  is  true  that  the  contemplation 
of  the  creatures  of  God  hath  for  end  (as  to  the 
nature  of  the  creatures  themselves)  knowledge  ; 
but  as  to  the  nature  of  God,  no  knowledge,  but 
wonder ;  which  is  nothing  else  but  contemplation 
broken  off,  or  losing  itself.    And  this  appeareth 
sufficiently  in  that  there  is  no  proceeding  in  in- 
vention of  knowledge  but  by  similitude;  and  God 
is  only  self-like,  having  nothing  in  common  with 
any  creature,  otherwise  than  in  shadow  and  trope." 
In  this  unfortunate  position  therefore  which  Dcs 
Cartes  took  up,  we  must  rank  him,  while  occu- 
pying it,  as  one  of  those  who  deceive  themselves 
by  a  vain  philosophy;    although  some  of  his 
discoveries  and  writings  are  of  such  a  character, 
as  will  immortalize  his  wisdom  in  spite  of  his 
errors. 
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Amongst  the  great  men  of  Des  Cartes's  time 
were  Kepler  and  Tycho  Brahe.  In  an  account 
given  by  the  former  of  a  letter  which  he  had  re- 
ceived from  the  latter,  we  find  the  true  spirit  of 
what  afterwards  became  the  Newtonian  philo- 
sophy. "  Argumentum  literarum  Brachei  hoc 
erat,  uti  suspensis  speculationibus  a  priori  descen- 
dentibus,  animum  potius  ad  observationes,  quas 
simul  offerebat,  considerandas  adjicerem.  Inque 
iis  primo  gradu  facto,  post  demum,  ad  causas  as- 
cenderem."  Tycho,  who  was  a  great  observer, 
thus  addressing  Kepler,  who,  with  the  same  qua- 
lity of  being  a  good  practical  astronomer,  was 
also  by  his  luxuriant  imagination  led  into  many 
very  foolish  hypothetical  absurdities,  advises  him 
to  lay  aside  these  speculative  a  priori  rea- 
sonings, and  to  apply  his  mind  to  the  considera- 
tion of  observed  facts :  so  that  making:  the  first 
step  from  them,  he  might  by  analysis  ascend 
to  their  causes. 

1  shall  now  close  this  account  of  the  two  me- 
thods in  the  words  of  their  great  master,  Sir  L 
Newton.  "As  in  mathematics,  so  in  natural 
philosophy,  the  investigation  of  difficult  things  by 
the  method  of  analysis,  ought  ever  to  precede 
the  method  of  composition.  This  analysis  con- 
sists in  making  experiments  and  observations,  and 
in  drawing  general  conclusions  from  them  by 
induction.    By  this  way  of  analysis  we  may  pro- 
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ceed  from  compounds  to  ingredients,  and  from 
motions  to  the  forces  producing  them ;  and  in 
general  from  effects  to  their  causes,  and  from 
particular  causes  to  more  general  ones,  until  the 
argument  end  in  the  most  general.  This  is  the 
method  of  analysis.  And  the  synthesis  con- 
sists in  assuming  the  causes  discovered  and  es- 
tablished as  principles,  and  then  explaining  the 
phcenomena  proceeding  from  them,  and  proving 
the  explanations." 

In  order  that  these  terms  analysis  and 
synthesis  may  be  more  clearly  understood,  I 
will  now  illustrate  them  a  little  further:  and 
although  any  of  the  sciences  would  furnish  me 
with  the  means,  perhaps  astronomy  will  best  suit 
my  purpose ;  since  it  is  in  that  department  of 
natural  philosophy,  where  these  methods  have 
been  applied  with  the  most  brilliant  success ;  and 
also,  by  so  doing,  I  shall  have  a  better  oppor- 
tunity of  introducing  to  your  notice,  Sir  Isaac 
Newton's  rules  of  philosophizing. 

Analysis. — As  an  example  of  analysis  then,  I 
will  lay  before  you  seriatim  the  steps  by  which 
Newton  discovered  the  theory  of  universal  gra- 
vitation. It  is  said,  that  he  was  one  day  sitting 
in  his  garden,  when  he  saw  an  apple  fall  from  a 
tree.  There  is  nothing  particular  in  that.  The 
countryman  sees  the  same  phcenomena  every  day 
during  the  autumn  in  his  cider-orchard,  and 
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thinks  no  more  about  it;  than,  either  that  there 
is  a  high  wind,  or  that  his  apples  are  getting  very 
ripe.  How  differently  however  did  our  immortal 
philosopher  regard  the  circumstance,  which  had, 
fortunately  for  posterity,  attracted  his  attention  ! 
Let  us  see  how  he  from  this  simple  fact  proceeded 
"  from  motions  to  the  forces  producing  them, 
from  effects  to  their  causes,  and  from  particular 
causes  to  more  general  ones."  He  might,  and 
I  believe  did,  reason  thus.  The  fall  of  this  apple 
proves  that  it  was  attracted  towards  the  earth. 
When  I  begin  to  notice,  I  find  that  all  matter 
with  which  I  am  acquainted  is  also  drawn  down 
by  a  force  towards  the  earth.  This  force  exists 
not  only  where  I  am  sitting ;  but  also  in  every 
place  where  I  have  been ;  and  I  know,  from  the 
experience  of  travellers,  that  the  same  is  true  in 
foreign  countries ;  and  therefore  by  a  species  of 
induction,  I  conclude  that  such  a  force  exists, 
at  and  near  to  every  point  in  the  earth's  surface. 
I  find  also  by  experiment,  that  the  direction 
in  which  these  forces  act,  is  at  every  place 
perpendicular  to  the  surface  of  stagnant  water. 
I  know  from  certain  observed  phoenomena,  that 
the  earth  is  what  I  may,  with  sufficient  accuracy 
for  my  present  purpose,  call  a  sphere.  I  have 
now  then  in  the  earth  got  a  sphere,  with  a  force 
in  the  neighbourhood  of  its  surface,  at  every 
point  tending   downwards  towards  its  centre. 
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If  I  take  that  apple,  which  has  just  fallen  in  a 
straight  line  from  the  tree,  and  throw  it  from  me 
in  a  direction  slanting  upwards,  I  see  it  describes 
a  curve,  and  that  its  motion  is  at  length  stopped 
by  the  earth.  If  I  throw  it  again  with  greater 
force,  and  in  the  same  direction,  the  curve  which 
it  now  describes  is  longer  than  before,  and  the 
apple  falls  on  the  ground  at  a  greater  distance 
from  me.  If  instead  of  throwing  an  apple,  I  fire 
a  cannon  ball  in  the  same  direction,  I  find  that 
the  range  of  my  projectile  is  amazingly  increased. 
If  I  fire  the  cannon  from  the  top  of  a  very  high 
hill,  at  the  same  angle  of  elevation  with  respect 
to  the  horizon  as  before,  the  ball  will  strike  the 
earth  at  a  still  greater  distance  from  the  point 
of  projection.  From  these  facts,  I  see  that  as  I 
increase  the  velocity  with  which  I  project  a  heavy 
body  from  me,  "  ceeteris  paribus,"  I  at  the  same 
time  increase  the  distance  it  will  describe  before 
it  strikes  the  earth.  There  seems  to  be  no  limit 
to  these  simultaneous  increments  of  range  and 
velocity;  except  in  the  strength  of  the  means 
which  I  use  .to  produce  them.  What  then  shall 
hinder  me  from  concluding,  that  if  I  could  com- 
mand a  sufficient  velocity,  I  could,  from  the  top 
of  a  very  high  hill,  project  a  body  which  should 
not  strike  the  earth  at  all,  until  it  had  gone  com- 
pletely round  it ;  and  the  resistance  of  the  at- 
mosphere being  removed,  if  my  velocity,  in  addi- 
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tion  to  being  strong  enough,  should  also  be  pro- 
perly adjusted,  in  quantity  and  direction ;  that 
the  body,  after  having  described  an  exact  circle 
round  the  earth,  should  return  to  the  very  point 
from  which  it  set  out.  Under  such  circumstances 
it  would,  if  nothing  interfered  with  it,  describe 
the  same  circle  again,  in  the  same  manner  as 
before  ;  and  so  on  continually.  We  should  thus, 
through  the  influence  of  the  force  tending  at  all 
points  near  its  surface  towards  the  earth's  centre, 
have  a  body  continually  revolving  round  the 
earth,  and  completing  its  revolutions  in  equal 
times.  If  now  I  raise  my  eyes  from  the  earth 
towards  the  heavens,  I  see  the  moon  going  round 
the  earth  exactly  in  this  manner ;  onty  at  a 
greater  distance  from  it,  which,  so  far,  is  in  some 
degree  favourable  to  her  motion ;  as  she  there 
probably  does  not  experience  any  resistance  from 
our  atmosphere.  Now  the  moon  could  not  go 
round  the  earth  in  a  curve  line  as  she  does,  unless 
she  were  continually  acted  upon  by  some  force  ; 
for  a  body  put  in  motion,  and  left  entirely  free, 
will  move  in  a  straight  line.  She  is  therefore 
constantly  being  pulled  down  from  a  rectilinear 
course  into  a  curvilinear  one,  concave  towards 
the  earth ;  just  in  the  same  manner  as  the  apple 
and  the  cannon  ball  were.  The  next  tiling-  for 
me  to  consider  is  whether  the  forces,  which  pro- 
duce these  deflections  from  a  rectilinear  course 
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are  from  the  same  source,  in  the  case  of  the  moon 
and  the  cannon  ball,  viz.  the  gravity  of  the  earth. 
Such  a  supposition  seems  probable  ;  for  the  force 
of  attraction  towards  the  earth's  centre,  which 
exists  at  every  point  near  its  surface,  I  know  also 
exists  at  all  points  both  upwards  and  downwards ; 
where  the  experience  of  man  has  been  able  to 
take  cognizance  of  it.  It  is  therefore  likely  that 
it  may  spread  out  in  all  directions,  from  the  earth's 
centre  into  the  remotest  regions ;  and  thus  em- 
brace the  orbit  of  the  moon  within  the  sphere  of 
its  action.  From  these  considerations  it  appears 
to  me  very  probable,  that  the  moon  is  retained  in 
her  orbit  by  that  force,  which  near  the  earth's 
surface  I  know  pulls  every  thing  down  towards 
the  earth's  centre :  in  order  to  confirm  this  I 
must  have  other  data. 

Now  Kepler  discovered  by  observation  the 
three  following  laws. 

I.  — If  we  draw  a  straight  line  from  the  sun  to 
any  one  of  the  planets  or  comets,  the  areas  which 
this  line  traces  out  round  the  sun  are  always 
proportional  to  the  times  in  which  they  are 
traced. 

II.  — The  orbits  of  the  planets  are  ellipses  hav- 
ing a  common  focus  in  the  sun. 

III.  — The  squares  of  the  periodic  times  of  the 
planets  are  to  each  other  in  the  same  ratio  as  the 
cubes  of  their  mean  distances  from  the  sun. 
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I  have  now  arrived  at  a  point  where  an  oppor- 
tunity occurs,  of  applying  Sir  Isaac  Newton's 
third  rule  of  philosophizing.    It  is  as  follows. 

Regula  III. 

"  Qualitates  corporum  quae  intendi  et  remitti 
nequeunt,  quaeque  corporibus  omnibus  competunt 
quibus  experimenta  instituere  licet,  pro  qualita- 
tibus  corporum  universorum  habendae  sunt." 

If  then,  in  accordance  with  the  principles  of 
this  rule,  by  a  process  of  induction,  I  attribute 
to  the  matter  of  the  sun  and  planets  the  same 
property  which  I  know  the  matter  near  the  sur- 
face of  the  earth  possesses,  viz.  inertia,  or  an  in- 
capability of  altering  its  own  state  of  rest  or 
motion;  I  deduce  by  strict  geometrical  reasoning, 
as  a  necessary  consequence,  that  the  planets  are 
retained  in  their  orbits  by  a  force  which  is  con- 
tinually acting  upon  them  in  the  direction  of  the 
sun.  By  submitting  the  second  of  Kepler's  laws 
to  a  similar  mathematical  examination,  I  find 
that  the  strength  of  this  force,  at  different  points 
in  the  periphery  of  the  same  orbit,  is  inversely 
proportional  to  the  square  of  their  distances  from 
the  sun :  and  the  third  of  Kepler's  laws  now 
proves  to  me  in  the  same  infallible  way,  that  the 
forces  at  any  two  points  of  two  different  orbits 
are  subject  to  the  same  conditions.  Without 
making  any  supposition  whatever  therefore,  ex- 
cepting the  trilling  one,  in  the  spirit  of  the  oh! 
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adage  "  cuytmix^n  tivai  to.  avo-rois  Kara"  tliat  matter  ill 

the  heavens  is  inert  in  the  same  way  as  matter 
on  the  earth  is  ;  I  have  now  found,  that  all  the 
planets  are  retained  in  their  orbits  by  one  and 
the  same  force  tendings  towards  the  sun,  and  va- 
rying in  intensity  at  different  distances  from  the 
sun,  in  the  inverse  ratio  of  the  squares  of  those 
distances. 

Having  discovered  this  great  law,  I  feel  my- 
self in  a  much  more  able  condition  to  carry  on 
my  researches  in  the  case  of  the  moon.  Now 
Sir  Isaac  Newton's  first  and  second  rules  of  philo- 
sophizing are  as  follows. 

Regula  I. 

"  Causas  rerum  naturalium  non  plures  admitti 
debere,  quam  quae  et  verse  sint  et  earum  phceno- 
menis  explicanclis  sufficient." 

Regula  II. 

"  Ideoque  effectuum  naturalium  ejusdem  ge- 
neris eaedem  assignandae  sunt  causae,  quatenus 
fieri  potest." 

According  to  the  sentiments  here  expressed, 
our  great  philosopher  would  proceed  with  his 
analysis  as  follows.  I  have  now  proved  that  the 
gravity  of  the  sun  extends  in  all  directions  into 
the  planetary  regions,  that  its  energy  at  any 
point  is  inversely  proportional  to  the  square  of 
the  distance  of  that  point  from  the  sun's  centre ; 
and  that  this  force  retains  the  planets  in  their 
orbits  round  the  sun. 
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In  the  revolution  of  the  moon  round  the  earth 
I  have  "an  effect  of  the  same  kind ;"  and  I  will 
try  to  prove  whether  it  arises  from  a  similar 
cause,  viz.  the  gravity  of  the  earth,  thus : 

The  moon  with  sufficient  exactness  describes 
round  the  centre  of  the  earth  equal  areas  in  equal 
times ;  and  in  the  same  manner  as  this  law,  in 
the  case  of  the  planets,  proved  that  they  were 
acted  upon  by  a  force  continually  tending  to  the 
sun  ;  it  proves,  in  the  case  of  the  moon,  that  she 
is  constantly  urged  by  a  force  towards  the  earth's 
centre.  I  have  great  reason  to  suspect,  from  the 
proved  law  of  the  sun's  action  on  the  planets,  and 
from  the  slow  progression  of  the  moon's  apogee, 
that  this  force  on  the  moon  varies  inversely  as 
the  square  of  her  distance  from  the  earth's  centre. 
I  will  therefore  calculate,  from  the  observed  di- 
mensions of  the  moon's  orbit,  and  the  time  she 
takes  to  complete  a  sidereal  revolution,  the  dis- 
tance through  which  she  falls  in  one  second  by 
the  action  of  this  force.  I  can  then  find  the  dis- 
tance through  which  the  same  force,  modified 
according  to  the  above  law  of  variation,  would 
make  a  body  fall  from  rest  in  one  second,  near 
the  surface  of  the  earth.  Lastly,  by  comparing 
this  with  the  observed  distance  through  which  a 
body  actually  does  fall  from  rest  here  at  the  sur- 
face of  the  earth,  in  one  second,  I  can  decide  as 
to  the  identity  of  the  two  forces.    By  these  two 
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result ;  and  therefore  concluded,  that  the  moon  is 
retained  in  her  orbit  by  the  earth's  gravity,  which 
varies  according  to  the  same  law  as  the  gravity  of 
the  sun.  Such  was  the  almost  supernatural  sa- 
gacity with  which  this  great  man,  step  by  step, 
ascended  from  so  common-place  an  occurrence, 
as  the  fall  of  an  apple,  to  the  rudiments  of  a  the- 
ory, the  development  of  which  has  furnished 
ample  occupation  for  the  genius  of  all  subsequent 
times.  It  is  said  that  Newton  himself  foresaw  the 
immense  impulse  he  was  about  to  give  to  astro- 
nomical knowledge  ;  and  that  he  meditated* 
twenty  years  upon  this  grand  discovery,  before 
he  ventured  to  disclose  it  to  the  world ! 

Now  since  the  above  magnificent  process  of 
analysis  involves  a  certain  amount  of  induction; 
we  cannot  affirm  that  its  conclusions  are  derived 
with  the  samef  degree  of  evidence,  as  the  results 
of  a  purely  geometrical  problem.  Yet  as  Newton 
himself  says,  "  although  the  arguing  from  expe- 


*  We  find  the  following  note  in  Brewster's  Life  of  Newton, 
p.  149  : — "  But  for  the  duplicate  proportion,  I  gathered  it  from 
Kepler's  Theorem,  about  twenty  years  ago." 

Newton's  Letter  to  Halley,  July  14,  1686. 

+  ' lTr\v  V  cucpigoXoylav  ryv  fjiadnfMTiKriv  ovk  ev  a7ra<riv  a7raiTnTE0V, 

Arist.  Metapliys. 


33 

riments  and  observations  by  induction  be  no  de- 
monstration of  general  conclusions,  yet  it  is  the 
best  way  of  arguing  which  the  nature  of  things 
admits  of,  and  may  be  looked  upon  as  so  much 
the  stronger,  by  how  much  the  induction  is  more 
general.  And  if  no  exception  occur  from  phe- 
nomena, the  conclusion  may  be  pronounced  gene- 
rally. But  if  at  any  time  afterwards  any  excep- 
tion shall  occur  from  experiments,  it  may  then 
begin  to  be  pronounced  with  such  exceptions  as 
occur."  And  to  the  same  effect  as  this,  is  his 
fourth  and  last  rule  of  philosophizing. 

Regula  IV. 
"  In  philosophic  experimental,  propositiones 
ex  phcenomenis  per  inductionem  collectse,  non 
obstantibus  contrariis  hypothesibus,  pro  veris 
aut  accurate  aut  quamproxime  haberi  debent, 
donee  alia  occurrerint  phenomena,  per  qua) 
aut  accuratiores  reddantur  aut  exceptionibus 
obnoxiaB." 

Synthesis. — If  now  by  induction  I  conclude 
that  not  only  the  sun  and  the  earth,  but  that  the 
moon,  the  planets,  their  satellites,  in  short,  that 
all  matter  is  endowed  with  the  power  of  attrac- 
tion, varying  according  to  the  law  which  I  have 
already  mentioned,  I  can  synthetically,  or  rea- 
soning a  priori,  descend  from  these  first  prin- 
ciples, and  account  for,  both  in  kind  and  degree, 
many  other  phenomena  in  the  astronomical 
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world.    It  is  from  processes  of  this  sort  that  the 
theory  of  universal  gravitation,  since  the  time  of 
Newton,  has  received  such  testimonies  to  its  sta- 
bility at  the  hands  of  Laplace  and  Lagrange. 
These  two  illustrious  geometers  have  thus  dis- 
covered irregularities  before  unknown,  and  ac- 
counted for  others  already  known,  in  many  cases 
of  the  most  minute  character,  existing  amongst 
the  motions  of  the  planets,  and  arising  from  their 
mutual  attractions ;  and  have  given  methods  by 
which  we  may  predict  the  return  of  a  comet  from 
the  farthest  verge  of  the  solar  dominions,  to  do 
homage  to  the  king  of  day  in  these  more  genial 
regions,  which  are  as  it  were  his  peculiar  pre- 
sence-chamber.   The  examples  of  deductive  rea- 
soning which  I  might  adduce  from  the  vast  field 
of  Physical  Astronomy  as  confirmatory  of  the 
inductive  theory  of  universal  gravitation,  are 
too  numerous  for  me  to  mention  all,  and  of  too 
equal  splendour  for  me  to  select  one  as  an  illus- 
tration in  preference  to  another  ;  and  I  shall  there- 
fore content  myself  with  what  I  have  already  said 
in  general  terms. 

For  choosing  Astronomy,  in  order  that  I  might 
illustrate  Newton's  method  of  induction  and  de- 
duction, I  have  already  given  my  reason  ;  but 
let  not  my  young  hearers,  from  this  circumstance 
form  a  wrong  opinion,  with  respect  to  the  nature 
of  the  lectures  which  I  intend  to  deliver.  For 
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their  guidance  I  will  now  give  a  slight  sketch 
of  them ;  and  also  for  the  information  of  those 
who  are  honouring  me  with  their  presence  this 
day,  without  intending  to  proceed  further  with 
us ;  who  are  come  to  start  us  as  it  were  at  the 
foot  of  our  Parnassus,  without  accompanying  us 
in  our  toilsome  ascent ;  but  who  nevertheless  are 
desirous  of  "  wishing  us  good  luck"  at  our  outset, 
and  of  having  a  look  at  the  path  which  we  are 
about  to  pursue ;  and  who  I  have  no  doubt  after 
our  pilgrimage  is  over  will  be  glad  to  see  us  on 
our  return,  and  ready  with  paternal  eye  to  ad- 
mire the  thews  and  sinews  which  we  shall  have 
acquired  in  our  journey. 

In  order  that  the  designs  of  our  governors  in 
instituting  these  lectures  may  be  fulfilled,  by 
supplying  the  desiderata  acknowledged  in  the 
regulation  of  the  Royal  College  of  Surgeons, 
Edinburgh,  and  the  recommendation  of  the  So- 
ciety of  Apothecaries,  which  I  have  already 
quoted ;  it  will  be  necessary  for  my  scheme  to 
comprehend  both  "  mathematics"  and  "  natural 
philosophy."  Now  these  terms  are  frequently 
used  in  such  a  vague  sense,  that  I  dare  not  inter- 
pret the  former  as  meaning  pure  mathematics 
only,  i.  e.  mathematics  unconnected  with 
physics  ;  nor  should  I  be  warranted  in  under- 
standing by  the  latter,  exclusively,  that  philo- 

d  2 
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sopiiy  which,  if  it  deserve  the  name,*  consists 

IN  A  MASS  OF  ILL-CONNECTED  EXPERIMENTS  WITH- 
OUT INVOLVING   ANY    LOGICAL    DEDUCTIONS  FROM 

them,  "ope  etinterventu  mathematics  ;"  a  phi- 
losophy of  amusement  and  recreation,  rather  than 
of  instruction  and  discipline.  I  must  take  the 
former  word  therefore  in  its  most  general  sense, 
and  the  latter  one  in  its  most  dignified  ;  and 
then  I  shall  not  only  obtain  what  I  consider  the 
most  eligible  result ;  but  shall  fix  exactly  the  same 
meaning  upon  the  desideratum  of  the  Surgeons, 
as  upon  that  of  the  Apothecaries,  viz.  that  the 

former  mean  by  their  term 

Mathematics 


Pure  Mathematics,  Mixed  Mathematics,  or 

The  Mathematical  Principles  of 
Natural  Philosophy ; 

and  that  the  latter  mean  by  the  terms 

Mathematics,  Natural  Philosophy, 

Pure  Mathematics,  The  Mathematical  Principles  of 

Natural  Philosophy. 

Now  as  to  the  designation  of  the  department 
of  studies  allotted  to  my  care  in  this  institution, 


*  "Non  deve  pero  l'esperienza  andare  scompagnata  dal  lume 
che  somministrano  le  coguizioni  teoriclie ;  altrimente  rimarra 
ella  affatto  all'  oscuro,  qualunque  volta  manchino  le  circostanzc, 
allc  quali  resta  ella  appoggiata." 

Guglielmini  "  Delia  Natura  de'  Fiumi." 
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I  should  feel  inclined  to  adopt  the  term  mathe- 
matics, used  by  the  Royal  College  of  Surgeons, 
Edinburgh  ;  since  it  is  the  most  simple,  and  there 
is  no  etymological  reason  why  that  word  should 
be  limited  to  comprehend  abstract  science 
merely ;  since  it  is  used,  in  the  universities  of 
this  land  and  on  the  continent,  also  to  compre- 
hend physical  science  ;  and  lastly,  because 
such  an  interpretation  exactly  coincides  with  the 
definition  of  Lord  Bacon  :  "  Mathematical  aut 
pura  est  aut  mixta.  Ad  puram  referuntur  sci- 
entise,  quse  circa  quantitatem  occupatae  sunt,  a 
materia  et  axiomatibus  physicis  penitus  abstrac- 

tam."  "  Mixta  habet  pro  subjecto  axiomata  et 

portiones  physicas :  quantitatem  autem  conside- 
rat,  quatenus  est  ad  ea  elucidanda  et  demonstran- 
da,  et  actuanda  auxiliaris."*    As  then  the  term 


*  To  these  may  be  added  the  following  authority. 

"Qnoniam  ver6  species  utraque  (magnitudo  dico  et  mul- 
titude) duplici  pacto  considerari  potest;  vel  quatenus  ab  omni 
speciali  materia,  materiaeque  circuinstantiis,  et  accidentibus 
mente  separatur  vel  abstrahituv  (hoe  est  in  se  generaliter,  illis 
omissis,  concipitur)  vel  quatenus  inhaeret  alicui  speciali  subjecto, 
ciunque  aliis  quibusdam  physicis  qualitatibus,  actionibus,  cir- 
cuinstantiis conjuncta,  et  connnista  reperitur;  hinc  emergit 
divisio  Matheseos  in  puram  (vel  abstractam)  et  mixtam 
(sive  concretam).  Quaui  et  Plato  videtur  agnoscere  (in 
Philebo)  ;  alias  enini  discijilinas  Hada^ag,  Trpuraf,  hys/xovixag 
(Arithnieticain  discrtc  significaas,  et  Geometriam)  alias  vero 
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Mathematics  which  I  have  chosen,  according  to 
this  meaning  includes  two  divisions,  Pure  Mathe- 
matics and  Mixed  Mathematics ;  and  as  the  time, 
during  which  students  are  required  to  attend  the 
lectures  at  this  institution,  comprehends  two  sum- 
mers; it  appears  to  me  that  I  shall  take  the  most 
natural  course,  if  I  allot,  to  the  students  of  the 
first  year  and  to  those  of  the  second  year,  these 
two  departments  respectively.  I  propose  therer 
fore  during  this  summer  to  give  a  course  only  of 
Pure  Mathematics;  and  every  succeeding  one, 
while  I  occupy  my  present  situation,  to  divide 
the  whole  of  my  pupils  into  two  classes  :  one  of 
them,  containing  pupils  in  their  first  year,  to  be 
lectured  in  pure  mathematics;  the  other,  con- 
sisting of  pupils  in  their  second  year,  who  having 
attended  in  their  former  year  the  former  course, 
are  now  qualified  to  be  lectured  in  mixed  ma- 
thematics. 

In  my  course  of  Pure  Mathematics,  I  shall  en- 


coiaQapTovs,  iinpuras,  seetinclavias,  minus  exactas  assent.  Et 
pime  quidem,  vel  abstracts  Matbescos  partes  magnitudinis  ac 
numeri  general  em  naturam,  et  proprias  aflectio-nes  absolute 
contemplantur ;  Mixta;  vero,  vel  concreta:,  considerant  easdem, 
ut  certis  corporibus  et  subjectis  specialibus  applicatas,  cum 
vi  motiva  et  aliis  physicis  accidentibus  copulates ;  (uncle 
<pu<TLHOTEpa;  appellat  Aristotelcs;  et  aiaOrirtxa; ;  alii  Pbysico- 
Mathematicas  vocitare  so-lent)." 

Is.  Barrow. 
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deavour  to  include  as  much  of  the  following  sub- 
jects, as  the  very  short  time  of  my  operations  will 
allow ;  viz.  Arithmetic,  Algebra,  Geometry,  Tri- 
gonometry, the  Differential  Calculus,  and  the 
Integral  Calculus  :  and  I  am  only  sorry  that  the 
almost  exclusive  cultivation  of  Greek  and  Latin  in 
our  foundation  schools,*  where  professional  men 
are  generally  educated,  should  compel  me  to  be- 
gin at  so  low  a  position  in  Abstract  Science  as 
Arithmetic  and  Geometry ;  and  thus  force  me  to 
crowd,  and  curtail,  all  these  subjects,  and  I  fear 
injuriously  reduce  their  dimensions ;  in  order 
that  I  may  force  them  within  the  narrow  limits 
of  time  allotted  for  their  reception. 

The  same  will  also  be  true  with  respect  to  my 
course  of  Mixed  Mathematics.  In  this  course, 
my  present  intention  is  to  treat  of  Mechanics, 
Hydrostatics,  and  Optics.  In  Mechanics,  I  shall 
explain  and  prove  the  common  theorems  of  equi- 
librium, and  so  much  of  the  doctrine  of  motion 
as  is  necessary  to  understand  the  effects  of  gravity 
considered  as  an  invariable  force  near  the  earth's 
surface.  I  shall  enter  more  particularly  into  the 
theory  of  the  lever  and  the  tension  of  cords 
stretched  by  different  forces  under  different  cir- 
cumstances ;  in  order  that  my  pupils,  by  com- 
bining this  with  their  anatomical  knowledge,  may 


Sec  Note  (b)  at  the  end. 
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estimate  the  tension  of  the  muscles  and  the  pres- 
sure on  the  joints,  when  the  hody  or  any  other 
weight  is  supported  in  a  given  position.  The 
theories  of  the  wedge  and  the  screw  will  cause 
them  to  regard  many  surgical  instruments  in  a 
different  light  from  that  in  which  they  would  look 
upon  them  independently  of  such  knowledge. 
The  term  Hydrostatics  is  in  England  used  by 
good  authority,  though  improperly,  for  the  sake 
of  brevity,  to  comprehend  not  only  the  equili- 
brium, but  the  motion  of  fluids.*    Under  this  de- 
nomination I  shall  treat  of  the  methods  of  finding 
the  specific  gravities  of  bodies,  the  motion  of 
fluids  in  tubes ;  together  with  the  pressure  of 
fluids  on  the  curved  surfaces  of  the  pipes  and 
reservoirs  containing  them,  and  the  tendency  of 
this  pressure  to  burst  these  vessels ;  in  order  that 
my  pupils  may  make  proper  application  of  this 
knowledge  in  Pharmacy  and  Surgery.  Hydros- 
tatics also  is  in  general  made  to  comprehend  the 
science  which  is  more  particularly  designated 
Pneumatics.    In  consequence,  I  shall  in  this 
branch  of  Mixed  Mathematics  explain  the  me- 
chanical properties  of  the  atmosphere  ;  the  elastic 
forces  of  gases  as  functions  of  pressure  and  tem- 
perature ;  the  doctrine  of  specific  heat  and  the 
laws  of  cooling ;  the  properties  of  sound  ;  and 


*  Sec  Note  (c)  at  the  end. 
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any  other  subjects  which  I  may  consider  within 
the  reach  of  my  pupils,  and  as  bearing  upon  their 
profession.  Of  course,  amongst  other  things  I 
shall  give  them  the  mathematical  theories  of  the 
principal  hydrostatical  instruments.  Again,  in 
Optics,  I  shall  prove  from  the  laws  which  I  men- 
tioned above,  such  theorems  of  reflection  and  re- 
fraction as  are  necessary — to  understand  the  con- 
struction of  optical  instruments  ;  to  give  force  to 
their  anatomical  researches  with  respect  to  the 
eye ;  to  calculate  the  proper  remedies  for  defects 
of  sight,  arising  from  defects  of  shape  or  density 
in  the  visual  organ ;  to  explain  the  phcenomenon 
of  the  rainbow ;  and  to  enter  into  any  other  sub- 
jects that  I  may  deem  useful  and  attainable.  I 
have  not,  in  this  enumeration  of  physical  sciences, 
mentioned  either  Electricity  or  Magnetism.  The 
mathematical  treatment  of  these  subjects,  as  they 
exist  in  their  present  form,  requires  a  degree  of 
pure  mathematical  knowledge,  which  I  have 
little  hopes  of  imparting  to  my  pupils,  under  the 
circumstances  in  which  we  are  placed.  In  these 
sciences  I  should  consider,  that  they  would  best 
philosophize  entirely  by  experiment,*  and  by  con- 


*  A  connected  series  of  experiments,  and  an  electro-dyna- 
mical apparatus  adapted  for  exhibiting  them,  are  described  in 
Professor  Cumming's  Manual  on  the  subject ;  a  good  text-book 
for  the  purpose  here  alluded  to. 
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tenting  themselves  with  such  facts  as  they  would 
thus  be  able  to  elicit.  If  however  I  should  in  my 
progress  find  that  mathematical  instructions  in 
th  ese  branches  might  with  advantage  be  commu- 
nicated to  them,  I  should  not  think  of  rejecting 
them  from  our  course.  The  science  of  Astro- 
nomy I  omit,  for  similar  reasons. 

This  enumeration  of  the  mixed  sciences,  I  have 
drawn  up  very  hastily;  and  I  do  not  by  any 
means  offer  what  I  have  said,  as  a  digested  or 
complete  description ;  and  therefore,  I  shall  feel 
myself  quite  at  liberty  to  make  in  it  any  altera- 
tion, which  the  experience  of  the  year  I  have  on 
hand  may  suggest. 

I  will  now  in  conclusion  add  one  word,  with 
respect  to  the  advantages  of  the  course  I  have 
described,  in  the  way  of  mental  and  moral  dis- 
cipline. As  then  my  proposed  lectures  will  be 
entirely  of  a  demonstrative  character  ;  by  attend- 
ing to  them,  the  mind  will  be  accustomed  to  re- 
gard one  truth  in  such  a  manner  as  to  be  on  the 
look  out  for  other  truths  dependent  upon  it,  and 
will  thus  acquire  the  faculty  of  deducing  them. 
By  the  constant  repetition  of  this  process  in 
the  study  of  mathematics,  a  habit  of  mental 
action  is  at  length  formed,  which  is  not  confined 
to  natural  philosophy ;  but  is  extended  to  other 
subjects.  Labouring  hard  in  the  search  after 
truth,  and  finding  it  after  he  has  with  patience 
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and  perseverance  fought  his  way  through  the  ob- 
structions and  intricacies  of  a  difficult  problem, 
the  mathematician  feels  some  such  like  pleasure 
as  did  those  renowned  champions  of  old,  who 
slew  terrible  monsters,  and  overthrew  mighty 
castles ;  in  order  to  rescue  beauteous  damsels 
from  tyranny  and  enchantment.  And  as  with 
the  enduring  knight  so  with  the  assiduous  philo- 
sopher; after  having  liberated  the  immured  object 
of  his  toils,  he  most  naturally  falls  in  love  with  her. 
A  chivalrous  affection  for  truth  is  thus  created: 
and  we  cannot  deny  that  the  more  such  a  feeling- 
is  diffused  in  the  world,  the  less  will  society  suffer 
from  those  embitterments  that  arise  from  a  dis- 
regard for  this  sacred  principle.  The  caution 
against  error,  which  is  necessary  in  philosophical 
research,  will  teach  a  man  to  know*  when  he 
actually  has  arrived  at  the  truth ;  and  in  con- 
sequence, not  to  be  violent  in  the  support  of  con- 
jectural theories.  We  see  too  many  people  in  the 
world  around  us,  who  rush  headstrong  into  a 
course  of  action,  merely  because  they  think  that 
they  are  right ;  when  if  they  knew  that  they 
were  right,  they  could  not  be  more  energetic. 
The  habit  of  mathematical  reasoning,  as  it  tends 
to  make  a  man's  zeal  commensurate  with  his 


*  "  x<zten°v     Iri  to  yvuvai  ti  oidev  y  ,10}." 

Arislot.  Analyt.  Post. 
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knowledge,  would  therefore  by  becoming  more 
general  in  a  great  degree  obviate  those  daily  ex- 
amples of  human  weakness,  where  we  see  men 
obliged  to  recall  their  hastily  propagated  opinions, 
or  when  there  is  not  honesty  of  principle  enough 
for  that,  to  stick  to  them  through  thick  and  thin ; 
and  would  thus  form  a  stability  of  character, 
which,  in  proportion  as  it  is  little  met  with,  is  the 
more  to  be  desired ;  and  where  found,  the  more 
to  be  respected,  "  in  the  midst  of  a  crooked  and 
perverse  generation." 

I  have  frequently  heard  it  objected  to  the  study 
of  mathematics,  that  it  has  a  tendency  to  cramp 
the  imagination  and  to  narrow  the  prospects  of 
the  mind.    This  is  certainly  true  ;  but  not,  in  all 
cases,  as  an  objection ;  for  I  believe  that  the  ima- 
ginations of  a  great  majority  want  cramping,  and 
that  their  field  of  speculative  view  is  too  large  for 
them  to  see  every  part  of  it  clearly.    We  must 
not  forget  that  the  mind  may  be  too  much  dif- 
fused, and  thus  lose  its  strength  ;  as  well  as  too 
much  concentrated,  so  as  to  diminish  its  scope. 
Men's  inventive  faculties  appear  to  be  at  present 
impetuous  rather  than  sluggish ;  and  from  the 
"  natura  novitatis  avida,"  their  anticipations  seem 
to  need  restraint  rather  than  excitement : 

"  Sponte  su&  properant :  labor  est  inhibere  volentes." 
It  is  a  much  more  grateful  and  exhilarating 
employment  no  doubt,  to  follow  the  bounding, 
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doubling  course  of  imagination,  instead  of  the 
slow  and  weary  but  never  retreating  step  of  rea- 
son ;  to  start  off  with  one's  own  "  captivating 
fantasy,"  and  traverse  the  domains  of  philosophi- 
cal romance,  in  a  meandering,  careering  ramble 
of  pleasure ;  rather  than  to  take  the  constrained 
direction,  the  sober  pace,  and  the  dull  company 
of  truth  ;  tied  as  it  were  to  her  girdle,  like  a 
child  to  the  apron-string  of  its  governess.*  Now 
one  use  of  mathematics  is  to  curb  these  roving 
fancies  ;  to  give  the  mind  more  ballast,  so  that  it 
may  not  be  hurried  away  into  extravagances ;  to 
get  men  into  the  habit  of  keeping  their  attention 
fixed,  as  long  as  is  desirable,  on  one  point;  and 
when  they  leave  it,  to  follow  only  where  reason 
leads  the  way.  "  Si  cuipiam  ingenium  tale  sit, 
quale  est  avium,  ut  facile  abripiatur,  nec  per 
moram  (qualem  oportet)  intentum  esse  sustineat, 
remedium  huic  rei  praebebunt  mathematica,  in 
quibus  si  evagetur  paulo  mens,  de  integro  reno- 
vanda  est  demonstratio."  I  will  now  close  this 
subject  by  the  following  quotation  from  bishop 
Berkeley  : — "Geometry  is  an  excellent  logic,  and 
it  must  be  owned,  that  when  the  definitions  are 


*  "Etplus  promovent  qui  rectam  perpetutk  viam  insistences, 
lentissimo  tantmn  gradu  incedunt,  cpiam  qui  seepe  aberrantcs 
cclerius  gradiuntur." 

Des  Cartes. 
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clear ;  when  the  postulata  cannot  be  refuted,  nor 
the  axioms  denied  ;  when  from  the  distinct  con- 
templation and  comparison  of  figures,  their  pro- 
perties are  derived  by  a  perpetual  well-connected 
chain  of  consequences,  the  objects  being  still  kept 
in  view,  and  the  attention  ever  fixed  upon  them, 
there  is  acquired  an  habit  of  reasoning,  close,  and 
exact,  and  methodical:  which  habit  strengthens 
and  sharpens  the  mind,  and  being  transferred  to 
other  subjects  is  of  general  use  in  the  inquiry 
after  truth." 


NOTES. 


(a)  Pa.  14. — "  invenit  Snellius  exposuit  Cartesius." 

The  English  and  French  mathematicians  do  not  exactly 
coincide  in  opinion,  with  respect  to  the  discoverer  of  the  true 
laws  of  refraction.  Newton's  idea  on  the  subject  is  evident 
enough,  from  the  manner  in  which  he  has  used  the  words 
"  invenit"  and  "exposuit." 

Laplace  says, 

"  Descartes  est  le  premier  qui  ait  publie  la  vraie  loi  dc  la 
refraction  ordinaire,  tpie  Kepler  et  d'autres  phy'siciens  avaient, 
inutilement  cherchee.  Huyghens  allirme  dans  sa  Dioptrique 
qu'il  a  vu  cette  loi  presentee  sous  une  autre  forme,  dans  un 
manuscrit  de  Snellius,  qu'on  lui  a  dit  avoir  ete  communique  a 
Descartes,  et  d'ou  pcut-etre,  ajoute-t-ii,  ce  dernier  a  tire  le 
rapport  constant  des  sinus  de  refraction  et  d'incidencc.  Mais 
cette  reclamation  tardive  d'Huyghens  en  faveur  de  son  com- 
patriote,  ne  me  parait  pas  suflisante  pour  enlever  a  Descarte  s, 
le  merite  d'une  decouverte  que  personne  ne  lui  a  contestee  de 
son  vivant." 

At  this  passage  of  Laplace  the  following  one  of  Playfair  is 
evidently  levelled,  point  blank. 

"  The  law,  therefore,  comes  to  this,  that,  in  the  refraction  of 
light,  by  the  same  medium,  the  sine  of  the  angle  of  incidence 
has  to  the  sine  of  the  angle  of  refraction  always  the  same  ratio. 
This  last  simplification  did  not  occur  to  Snellius;  it  is  the 
work  of  Descartes,  and  was  first  given  in  his  Dioptrics,  in  1637, 
where  no  mention  is  made  of  Snellius,  and  the  law  of  refraction 
appears  as  the  discovery  of  the  author.    This  naturally  n-ave 
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rise  to  heavy  charges  against  the  candour  and  integrity  of  the 
French  philosopher.  The  work  of  Snellius  had  never  heen 
published,  and  the  author  himself  was  dead  ;  hut  the  proposition 
just  referred  to  had  been  communicated  to  his  friends,  and  bad 
been  taught  by  his  countryman,  Professor  Hortensius,  in  his 
lectures.  There  is  no  doubt,  therefore,  that  the  discovery  was 
first  made  by  Snellius,  but  whether  Descartes  derived  it  from 
bim,  or  was  himself  the  second  discoverer,  remains  undecided. 
The  question  is  one  of  those,  where  a  man's  conduct  in  a  par- 
ticular situation  can  only  be  rightly  interpreted  from  his  general 
character  and  behaviour.  If  Descartes  had  been  uniformly  fair 
and  candid  in  his  intercourse  with  others,  one  would  have  re- 
jected with  disdain  a  suspicion  of  the  kind  just  mentioned.  But 
the  truth  is,  that  he  appears  throughout  a  jealous  and  suspicious 
man,  always  inclined  to  depress  and  conceal  the  merit  of  others. 
In  speaking  of  the  inventor  of  the  telescope,  he  has  told  minutely 
all  that  is  due  to  accident,  but  has  passed  carefully  over  all  that 
proceeded  from  design,  and  has  incurred  the  reproach  of  relating 
the  origin  of  that  instrument,  without  mentioning  the  name  of 
Galileo.  In  the  same  manner,  he  omits  to  speak  of  the  dis- 
coveries of  Kepler,  so  nearly  connected  with  his  own  ;  and  in 
treating  of  the  rainbow,  he  has  made  no  mention  of  Antonio  de 
Dominis.  It  is  impossible  that  all  this  should  not  produce  an 
unfavourable  impression,  and  hence  it  is,  that  even  the  warmest 
admirers  of  Descartes  do  not  pretend  that  his  conduct  towards 
Snellius  can  be  completely  justified." 

(b)  Pa.  39. — "The  study  of  arithmetic  and  algebra  might 
certainly  be  made  a  more  primary  object  of  interest  than 
has  been  hitherto  the  practice.  It  was  a  trite  adage  when 
Horace  was  a  boy, — 

"  ut  pueris  olim  dant  crustula  blandi 

Doctores,  elementa  velint  ut  discere  prima." 
Yet  common  custom  rather  tends  to  give  a  distaste  to  the 
science  of  numbers  and  quantities,  than  inspire  the  pupil  with 
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a  sense  of  its  beauty ;  the  study  is  taken  up  altogether  in  a 
desultory  way,  and  may  rather  be  said,  after  a  couple  of  hours 
labour,  to  spoil  a  half-holiday,  than  to  afford  any  direct  advan- 
tage." Sir  George  Head's  Home  Tour. 

Instead  however  of  "  spoiling  a  half-holiday,"  which  used  to 
be  the  case  in  almost  all  Grammar  Schools,  and  is  so  yet  in  a 
great  majority,  an  hour  per  diem  is  now  allotted  to  mathematics 
in  the  Royal  Grammar  School  at  Birmingham  ;  which  regula- 
tion, when  it  has  had  time  to  work,  will  not  be  without  its  visi- 
ble good  effects,  both  on  the  society  of  the  town,  and  the  fame 
of  the  school  at  the  universities. 

The  following  observations  of  the  graphically  talented  author 
just  quoted,  on  the  common  method  of  teaching  arithmetic,  are 
so  good,  that  I  cannot  forbear  introducing  them. 

"  Again, — the  rule  of  three  is  universally  learned  by  rote  ; 
a  barrier  at  the  beginning  to  the  range  of  thought,  beyond 
which  the  mind  of  a  boy  has  no  more  scope  than  if  he  were 
taught  to  reckon  with  his  fingers.  It  is  administered  after  the 
manner  of  a  quack  medicine,  or  a  charm  of  unknown  ingre- 
dients, to  be  swallowed  without  further  inquiry,  as  if  to  suit  all 
manner  of  purposes  in  life.  This  of  the  rule  of  three  direct. 
As  for  the  rule  of  three  inverse,  it  may  be,  for  aught  many 
know  to  the  contrary,  the  other  rule  set  to  music  ;  while  the 
double  rule  of  three,  being  somewhat  complicated  and  unintel- 
ligible, few  are  inclined  to  take  it  in  hand." 

(c)  Pa.  40. — "The  term  Hydrostatics,  in  its  proper  ac- 
ceptation, signifies  that  division  of  the  science  which  treats  of  the 
equilibrium  of  non-elastic  fluids ;  and  Hydrodynamics  that 
which  relates  to  thcwAforces  and  motion  :  in  this  respect  the 
terms  correspond  with  those  of  Statics  and  Dynamics,  as  ap- 
plied to  solid  bodies.  But  it  is  not  unusual  to  include  the  whole 
doctrine  under  the  general  term  Hydrodynamics,  and  to  de- 
note the  divisions  relative  to  their  equilibrium  and  motion  by 
the  tenns  Hydrostatics  and  Hydraulics.    That  part  of  the 
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science  which  treats  of  the  mechanical  properties  of  air  and  the 
different  elastic  fluids,  is  called  Pneumatics.  These  divisions 
are  here  comprehended  under  the  general  name  Hydrostatics; 
and  it  is  adopted  partly  because  it  is  the  name  in  common  use, 
and  partly  because  the  scientific  distinctions  are  not  closely 
observed  in  the  arrangement,  which  has  been  regulated  by  con- 
siderations of  convenience,  and  what  experience  has  taught  to 
be  the  easiest  mode  of  instruction." 

Preface  to  Bland's  Hydrostatics. 


MATHEMATICAL  ANALYSIS. 


To  many,  even  mathematical  readers,  this 
method  of  arriving  at  the  law  of  force  will  be 
new.  The  idea  on  which  it  is  founded  is 
evidently  taken  from  Newton,  Prop.  lxx.  ;  but 
since  the  demonstration  is  a  good  specimen  of 
Mathematical  Analysis,  I  here  subjoin  it,  as 
given  by  Mr.  Murphy  in  his  unfinished  work 
on  the  "  Elementary  Principles  of  the  Theories 
of  Electricity,  Heat,  and  Molecular  Actions." 

"  To  find  the  law  of  force,  tending  to  or  from  each 
electrical  particle. 

When  a  sphere  is  electrised  by  communication,  the 
whole  quantity  of  developed  electricity  *  resides  on  the 
surface ;  and  it  is  evident  that  its  distribution  there  will 
be  uniform ;  moreover,  it  is  necessary  for  the  equilibrium 
of  the  latent  electricity  in  the  interior  of  the  sphere,  that 
the  total  action  of  this  external  stratum  on  any  internal 
point,  must  be  zero,  the  system  of  latent  electricity  being 
of  itself  in  equilibrium. 

Take  therefore  any  point  P  within  the  sphere,  at  a 
distance  h  from  the  centre  O,  make  the  centre  the  origin, 
and  the  right  line  OP  joining  the  given  point  and  centre, 
the  axis  of  x,  and  let  r  be  the  radius  of  the  sphere. 

*  Proved  by  experiment. 
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Let  a  section  of  the  spherical  surface  be  made  by  a 
plane  drawn  perpendicular  to  the  axis  of  x,  at  a  distance 
x  from  the  origin,  and  let  f  be  the  distance  of  any  point 
in  this  section,  from  the  assumed  point  P. 

If  we  take  another  section  made  by  a  plane  at  a  very 
small  distance  $(x),  the  total  attraction  of  the  annulus 
between  both  sections  on  the  given  point  P,  will  be 
directed  in  the  line  OP,  and  be  represented  by 

Ji  <jj 

2irr.<f>(f). — -j—  .  $x,  where  <f>(f)  expresses  the  required 
law  of  force  at  different  distances. 

But.  since  the  whole  action  on  P  is  zero,  we  have 

jo    ^ 

/*  $  (/) '    jp    =  0>  fr°m  x  —  ~  '  to  '£'==+'.  1 

Now  /»  =  r2  -f  A2  -  2hx ; 

r/f      h  —  x       ,  df  h 
hence  -77  —      r   >  and  ir  —  ~~  >; 
aw        /  / 

therefore,  Jr  0  (/)  •  ^  =  0,  between  the  above  limits. 

Let  be  the  differential  coefficient  of  0,  (/), 

taken  with  respect  to  fas  variable. 

Hence  ^ /*,(/)  =0? 
f/  f      „     ■      dx  f 

or>  M^1"(^'7,  =0'  s,nce  Hf~~7i 

Again,  let  A,  (/)  be  the  differential  coefficient  of 
,/,(/),  then  observing  that  the  limits  of  /are  r  —  A  and 
r  +  //,  we  get 

-i{».^,.  +  A)-i>Kr-A)}=0; 
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and  expanding  the  functions  by  Taylor's  theorem, 

d  m{r)       h>     d^{r)  \ 

hence, 

1.2.3'    dr3    +  1.2.3.4.5-    rfr5    +  &c-  ~  u' 

this  evidently  requires  each  term  to  be  separately  equal 
to  zero ; 

hence  -  0  or  d'*^)  -  0 

ileum,      ^3      —  u,  ur,       ^3      —  u. 
Now  since  =  /fc  (/)  ; 

!         therefore  =  fl  (/) +/rf"  M/) 

-      df    +J  dp 

substituting  this  value,  we  have 

f  -  ^rr' 

and  integrating,  log  0  (/)  =  log  (^f)  -  2  log  (/)  ; 
A  representing  a  constant  quantity, 

hence  tf>  (/)  =  ^, 

that  is,  the  force  varies  inversely  as  the  square  of  the 
distance." 
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DON  Oil  S. 


£.  s. 

Arnold,  the  Rev.  Dr.,  Rugby,   10  10 

Anrphlett,  S.,  Droikvich,   2  0 

Armfield,  Edward   5  0 

Bradford,  the  Right  Hon.  the 

Earl  of                         10  10 

Butler,  the  Rev.  Archdeacon    10  10 

B.,  J.  Dudley  

Bagnall,  — ,  M.  D.,  W-bromwich  5  5 

Bamford,  Win.,  Rugeley            5  5 

Barker  George,                        5  5 

Barlow  J.  C                            5  5 

Beddington,  Wm.,  Great  Hamp- 
ton House                            5  5 

Bedford,  John  Yeen                  2  2 

Bellamy,  J                              2  2 

Bond,  J.,  Polesworth                  2  2 

Booth,  J.  K.,  M.  D                   5  5 

Burman,  T.,  Henley-in-Arden. . .  10  10 

Calthorp,  the  Right  Hon.  Lord  10  10 

Cooper,  Sir  A.,  Bart   10  10 

Cookes,  T.,  Esq.,  M.  P   10  10 

Caldecott,  J.,  Esq.,  Holbrooke 

Grange   10  10 

Cadbury,  Richard   2  0 

Cadbury,  John   2  0 

Cartwright,  Cor.,  Dudley   5  0 

Cooke,  Rev.  John,  (deceased J,  2  0 
Cox,  the  Rev.  Dr.,  Alherstone- 

on- S tour   5  0 

Cox,  Edward  T   5  5 

Cox,  Wm.  Sands,   5  5 

Dartmouth,  the  Right  Hon.  the 

Earl  of   10  10 

Dugdale,  W.  S.,  Esq.  M.  P.  ...  5  5 

Davies,  J.  Birt,  M.  D   5  5 

Dones,  Bennett   5  5 

Downing,  Henry,   2  2 

Eccles,  John,  M.  D   5  5 

Eckershall,  the  Rev.  Charles...  2  2 

Edwardes,  G.,  Wolverhampton    2  2 

Ellis,  Rev.  J.,  Wootlon  Warren  5  5 

Evans,  — ,  Stourbridge   2  2 

Fenwick,  Rev.  J.  T.  ( deceased  )  2  2 
Fortescue,  — ,  Rugeley   2  2 

Gardner,  Rev.  Dr   5  5 

Goodall,  Edward,  Stoke    5  5 

Gough,  John,  Esq.,  Perry  Hall  5  5 
1  Guest,  Benjamin,  Edgbaslon  ...10  10 
'  Grainger,  Edward,    5  5 

Howe,  the  Right  Hon.  the  Earl  10  10 
Hood,  the  Right  Hon.  the  Lord 

Viscount   10  10 

'Holden,  Ilyla,  Esq.  Waspcrlon  10  10 


£.  s. 

Hammond,  W.  Handsworth          2  2 

Hickman,  Edw.,  Stourbridge  ...  2  2 

Hiron,  T.,  Warwick   2  0 

Hussey,  Phineas,  (deceased J  ...  2  2 

James,  P.  M                            2  2 

Johnstone,  Edward,  M.  D  10  10 

Johnstone,  John,  M.D.F.R.S.  5  5 

Johnstone,  James,  M.  D            5  5 

Ingleby,  Clement                     5  5 

Ingleby.  John                           5  5 

Ingram,'  T.  W                          5  5 

King,  Bolton,  Esq.,  M.  P  10  10 

Kenned v,  Rev.  R   2  2 

Knowles,  G.  B.,  A.  L.  S   5  5 

Lawley,  Sir  Francis,  Bart  10  10 

Leigh,"  Chandos,  Esq  10  10 

Law,  Rev.  Chancellor  10  10 

L.,  J.  W.,  Coventry   2  0 

Two  Ladies,  Ravenhurst   5  0 

A  Lady,  (M.  C  ),    2  0 

Ledsam,  John    2  2 

Little,  W.,  Ksq.,  Newbold,  (de- 
ceased)  5  5 

Lloyd,  James    5  5 

Lloyd,  Francis,  (late  High  Bai- 
liff   5  5 

Middleton,   the  Right  Hon. 

Lord   10  10 

Mordaunt,  Sir  John,  Bart  10  10 

Meredith,  John,                        5  5 

Madan,  Rev.  Dr.,  Ibstock  Rec- 
tory                                  2  0 

Male,  G.  E.,  M.  D                   2  2 

Mason,  Oliver,  late  High  Bai- 

litf.                                  5  5 

Meredith,  John                         5  5 

Merry,  John,  Groveley               5  5 

Moore,  E.  T                            3  3 

Moore,  G.,  Moreton-in- Marsh     2  2 

Oates,  J.,  Sutton    2  2 

Osborn,  Wm.  Henry    5  5 

Plymouth,  the  Right  Hon.  the 

Earl  of,  ( deceased  J   10  10 

Peel,  Sir  R.,  Bart,  M.  P  10  10 

Phillips,  Sir  G.,  Bart.,  M.  P.. ..10  10 

Ditto       (second  donation)    ...  5  5 

Palmer,  F                               2  2 

Parker,  T.  Lane                       2  2 

Partridge,  Samuel                      5  5 

Pearson,  Richard,  M.  D...*          5  5 

Pearson,  Rev.  R.,  Lowestoff  ...  2  2 
Podmore,  Rev.  Mr.,  Paillon 

House                               5  0 

Proud,  J .  Freer,  Wolverhampton  5  5 
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£.  s. 

Reeves,  J.  G   5  5 

Robertson,  J   2  2 

Roden,  — ,  ( annual )    1  0 

Sutherland,  his  Grace  the  Duke 

of.  20  0 

Shrewsbury,  the  Right  Hon. 

the  Earl  of.  10  10 

Spencer,  the  Right  Hon.  the 

Earl   10  10 

Stamford  and  Warrington,  the 

Right  Hon.  the  Earl  of  ...10  10 
Scott,  the  Right  Hon.  Lord 

John  10  10 

Skipwith,  Sir  G.,  Bart.,  M.  P.  10  10 
Shirley,  Evelyn,  Esq.,  Eatington 

Hall   10  10 

Scholefield,  J.,  Esq.,  M.  P.   ...  5  5 

Scott,  Wellbeloved,  Esq   5  5 

Shaw,  James   3  3 

Simcox,  J.,  (late  High  Bailiff )  5  5 
Smith,  H,,  (late  Low  Bailiff ) ...  5  5 

Smith,  T.  (deceased)    5  5 

Steward,  T.  B.,  M.  D.,  JDroit- 

wich   5  5 


£.  t 

Throckmorton,  Sir  C,  Bart.  ...lo  lo 
Thomason,  Sir  Edward,  Knt....  5  5 

Taylor,  James,  Esq  10  10 

Taylor,  G   5  5 

Unett,  John  Wilkes,  Esq  10  10 

Upfiii,  j  2  2 

UpfiU,  T   2  2. 

Ward,  the  Right  Hon.  and  Rev. 

Lord   10  lo 

Wilmot,  Sir  E.,  Bart.,  M.  P.  .10  10 
Warneford,  the  Rev.  Dr.,  Bour- 

ton-on-the-hill,   5  5 

Wardens  of  the  Proof-house, 

( annual)    2  2 

Walthew,  J   3  0 

Welch,  G.  W.,  Handsworlh  ...  2  2 
Williams,  T.,  Wolverhampton...  2  2 
Wills,  W.,  Esq.  (late  Low  Bai- 
liff.)                               5  5 

Woolley,  J.,  Summerfield  House  5  5 

Wood,  Richard   5  5 

Wood,  Robert    2  2 

Woods,  T.,  Coleshill   5  0 

Woolrich,  J   5  S 

Wylde,  C,  Cambridge,   2  2. 

Donations  of  money;  specimens  of  Human  and  Comparative  Anatomy,  • 
of  Zoology,  Ornithology,  Mineralogy,  Geology ;  of  Fossil  remains  ;  of  Mo- 
dels and  Casts;  of  printed  Books,  Drawings,  &c,  will  be  received  with  due 
consideration  by  the  Committee,  and  the  names  of  the  donors  will,  conse- 
quently, be  recorded  in  the  Catalogue  of  Benefactors  to  the  Institution. 

Address, — Committee,  School  of  Medicine,  Paradise-street ;  or  to  W.  S 
Cox,  Esq.  Honorary  Secretary,  24,  Temple-row. 


STUDENTS  WHO  HAVE  OBTAINED  THE  HONORARY 

MEDALS. 


1830— ANATOMY. 


Students. 

1st  Medal — Mr.  Betts, 
2nd   do.  — Mr.  Palmer, 


1st  Medal, — Mr.  Palmer, 
2nd   do.  — Mr.  Hammond, 
Handsworlh, 


Examiners. 


i  J.  B.  Steward,  M.  D.,  Cant.,F.R.C.P. 


G.  Pilcher,  Esq.,  London. 


SURGERY. 


I  J.  B.  Steward,  M.  D.,  Cantab. 

Lecturer  on  Anato- 


(J.  B.  Steward,  M 
<  G.  Pilciier,  Esq., 
(_       my,  London. 


MATERIA  MEDICA. 


1st  Medal,— Mr.  Bindley, 
2nd   do.  — Mr.  Hammond, 


f  John  Darwall,  M.D.,  John  .KcclES, 
\       M.  D.,  W.  S.  Cox,  Esq. 
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CHEMISTRY. 

1st  Medal,-Mv.  Hammond,  f  Richard  Phillips  Esq.,  Fellow  of 
2nd   do.  —Mr.  Bindley,  I       the  Royal  Society. 

PRINCIPLES  AND  PRACTICE  OF  PHYSIC. 

1st  Medal,— Mr.  Hammond,  f  E  jOHnstone,  M.  D. 

2nd   do.  —Mr.  Heeley,  ( 

MIDWIFERY. 

1st  Medal,— Mr.  Williams,         /John  Darwall,  M.D., 
2nd   do.  —Mr.  Hall,  \       —  Wickenden,  Esq. 


1831  ANATOMY. 

1st  Medal,— Mr.  N.  Lloyd,  .        (Jones  Quain,  M.  D.,  Professor  of 
2nd   do.  —Mr.  Walton,  HandsA        Anatomy  to  the  London  Umver- 
worth  (  sity. 


SURGERY. 

1st  Medal,— Mr.  Bindley,  (Jones  Quain,  M.  D.,  Professor  of 

2nd  Medal,— Mr.  Hutchinson,    <       Anatomy  to  the  London  Umver- 
Chelmsford.  (  sity. 

MIDWIFERY. 


1st  Medal, — Mr.  Richards, 
2nd   do.  — Mr.  Rock, 


MATERIA  MEDICA. 


»r  7  7    nr   t>  i  Rtcitard  Pearson,  M.  D.,  L.  R.  C.  P., 

1st  Me?al,-Mr.  Bolton,  J  j  R  Bqot     m  d   j   r  c  p 

2nd   do.      Mr.  Horton,  (james  Johnstone,  M.  D.,  Cantab. 


PRINCIPLES  AND  PRACTICE  OF  PHYSIC. 

t  Medal,— -Mr  Bolton,  f  J.  K.  Booth,  M.  D.,  J.  Eccles. 

2nd   do.  — Mr.  Hutchinson,      (       James  Johnstone,  M.  D. 


1 832. — ANATOMY. 

1st  Medal, — Mr.  Walton,  Hands-  (Bransby  Cooper,  Esq.,  F.  R.  S.,  Sur- 
worth,  geon  to  Guy's  Hospital,  London, 

do.  — Mr.  Vaux,  (      Lecturer  on  Anatomy,  &c.  &c. 

MATERIA  MEDICA. 

Medal,— Mr.  Wilmot,  Ross,     (John  Conolly,  M.  D.,  Late  Profes- 
do.  — Mr.  Taylor,  Here-  <       sor  of  Medicine  to  the  London 
ford.  (  University. 

MIDWIFERY. 

*  Medal,— Mr.  Taylor,  f  —  Bagnall,  Esq.  M.  D.,  Edward 

d  do.  —Mr.  Wilmot,  \       Grainger,  Esq. 

CHEMISTRY. 
Is/  Medal, — Mr.  Bolton,  Bitslon,  ~l 

Ind  do.  —Mr.  Beddow,  West-  >Ji.  Phillips,  Esq.,  F.  R.  S. 
bromwich,  ) 
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183S—ANATOMY. 


IjI  Medal,— Mr.  Welchman,       ]  B.  Coopeb,  Esq.,  P.  It.  S.,  &c,  &c, 
Southern,  V       Surgeon  to  Guy's  Hospital,  I.on- 

2nd   do.  — Mr.  John  Elkington  )  don. 


SURGERY. 


1st  Medal, — Mr.  Bolton,  )  T>  _  _  _  „ 

2nd   do.  -Mr.  John  Elkington  }  B'  G«oper,  Esq.  F.  R.  S.,  &c,  &c. 

MATERIA  MEDIC  A. 
1st  Medal,— Mr.  A.  Baker,  J.  B.  Steward,  M.  D.,  F.  R.  C.  P. 

CHEMISTRY. 


-S-J.  K. 


1st  Medal, — Mr.  HARMT.ii,Bewdl('y] 

2nd   do.  — Mr.  Fletcher,  Chcs-  y  J.  K.  Booth,  M.  D.,  J.  Eccles,  Rf.  D. 

terfield,  ' 


MIDWIFERY. 


1st  Medal, — Mi-.  Elkington,         ( — Birch,  Esq.,  late  Lecturer  on  Mid- 
2nd   do.  — Mr.  Evans,  Belpcr,  <        wif'ery,  Bartholomew's  Hospital, 
Derbyshire,  {  London. 


PRACTICE  OF  PHYSIC. 


1st  Medal,— Mr.  Amphlett,  ") 

Droilwich,  >  John  Johnstone,  M.  D.,  F.  R.  S. 

2nd   do.  — Mr.  Nourse,  ) 


1834. — ANATOMY. 

1st  Medal — Mi\Bakewell,  S2)>iny~l 

Vale,  Stafford,  V  B.  Cooper,  Esq.,  F.  R.  S. 

2nd   do.  — Mr.  Baker,  j 

MATERIA  MEDICA. 

1st  Medal,— I 

2nd   do.  — Mr.  Fletcher,  Ches-\-J.  K.  Booth,  M.  D. 


— Mr.  Bee-do  w,  } 
— Mr.  Fletcher,  Ches-yJ. 
terfield,  ) 


CHEMISTRY. 


1*/  Medal— Mr.  Welchman,        )  J.  Eccles,  M.  D.,   J.  B.  Davies, 
2nd   do.  —Mr.  Barker,  St.  Al-  V       M.  D.,  Senior  Physician  to  the 
bans,  )  Dispensary. 


MIDWIFERY. 

1st  Medal,— Mr.  Fletcher,  )  —  Rigry,  M.  D.,  Lecturer  on  Midwi- 
2nd   do.  —Mr.  Meeke,  J        fery,  St.  Thomas's  Hospital. 

PRACTICE  OF  PHYSIC. 

1st  Medal, — Mr.  Harmer,  Bewdlcy^ 

2nd   do.   Mr.  Fletcher,  Chcs-  V  R.  Pearson,  M.  D. 

terfield,  ) 


barlow,  printer,  bennett's-hill. 


STUDENTS  ATTENDING  THE  PRESENT  WINTER 

SESSION,— 1834. 


[extract  from  the  return  to  the  secretary  of  state.] 


No. 

Name. 

Age. 

Where  from. 

J... 

..17- 

.Birmingham 

1. . 

.  1  nomas  Laaaciock  lowie,.. 

..17...  Nuneaton,  Warwickshire 

Q 

O.  . 

20.. 

.  Birmingham 

A 

4.. 

17-. 

.  Kirby  Mallory,  Leicestershire 

o .  . 

1—1  rtiivtf      \  A/  1  1  1  1        i'Y*^  f\  V\ 

,19.. 

.  Balsall,  Warwickshire 

ft 

.20.. 

.Birmingham 

7-- 

DM*      „1 ,1 

19.. 

.  Birmingham 

o 

o.. 

22.. 

.Birmingham 

n 

y . 

'P     1 )     ~~  . 

,19.. 

. Newton  Regis,  Warwickshire 

IV. . 

TIT    /~1     T}„lr„  11 

.19.. 

.Stone,  Staffordshire 

1 1 

j.  x . 

D(\T  (TO       Pi  1 

21.. 

.Brewood,  Staffordshire 

12. 

.James  Buckland,  

21.. 

.Malmsbury,  Wiltshire 

1  13. 

.William  Weld  Phillips, 

24.. 

.Birmingham 

14. 

.Joseph  Ward,  

22.. 

.Birmingham 

15. 

.Rowland  Baldwin  East,. , . . 

..17-. 

.  Frome,  Somersetshire 

16. 

..17-. 

.Birmingham 

17- 

23.. 

.Birmingham 

18. 

,20.. 

.Birmingham 

19. 

,20.. 

.  Kidderminster,  Worcestersh. 

20. 

.Benjamin  Hobson,  

18.. 

.Welford,  Northamptonshire 

21. 

15.. 

.Longden,  Salop 

22. 

16. 

.  Birmingham 

!  23. 

20. 

.Westbromwich,  Staffordshire 

}24. 

20.. 

.Smethwick,  Staffordshire 

.  25. 

..James  W.  H.  Law  ton, ,  , 

.29.. 

.Handsworth,  Staffordshire 

26. 

.  •  Peter  Tertius  Kempson, . 

..20... Birmingham 

1 
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No.  Name.  Age.  Wlterefrom. 

27... John  Hackney,  20... Aston,  Birmingham 

28. .  .John  Brunton, . . .;  18. . .  Westbromwich,  Staffordshire 

29... Charles  Reynolds,  18...Wednesbury,  Staffordshire 

30... Francis  Fox.  21... Plymouth,  Devonshire 

31... Henry  Francis  Burdett,  19...Gilmorton,  Leicestershire 

32... Alexander  Wright,  20...Bunney,  Nottinghamshire 

33... George  Bakewell,  22..  Spring  Vale,  Staffordshire 

34... Mr.  J.  R.  Phillips,  

35 . . .  George  Marshall  Grant,  18 . . .  Northampton 

36... Thomas  Lowe,  24... Solihull,  Warwickshire 

37 . . .  William  Roden,  20 . . .  Solihull,  Warwickshire 

38.. .Thomas  Cochrane,  17-- -Dudley,  Worcestershire 

39 . . .James  Harmar,  18. . .Bewdley 

40... Edward  Welchman,  20...Eathorpe,  Warwickshire 

41. ..William  Hiron,  19...Campden,  Gloucestershire 

42. . . John  Elkington,  30. . .Birmingham 

43 . . .  Charles  Palmer,  15 . . .  Birmingham 

44 . . .  Richard  Bowen  Minshull,  ...19...  Birmingham 

45 . .  .John  Baker,  30. . . Birmingham 

46... Francis  Erasmus  Weaver,.... 21... Walsall 

47. . .Anthony  Martin  21 . . .Birmingham 

43. .  .John  Beach,  19. . .Birmingham 

49... Robert  Thornley   18...Marston  Hall.Worcesters1  ' 

50- . .Thomas  Freeman,  28. . .Worcester 

51. ..J.  S.  Rodd,  18. ..Evesham,  Worcestershire 

52 . . . A.  Baker,  20 . . .  Birmingham 

53... James  Fred.  Jackson,  19...Westbromwich,  Staffordsh' 


BATU.OW,  riUNTEB,  BIRMINGHAM. 


